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Chapter 1 INTRODUCTION
1.1 Bar BC Dude Ranch Green Roof Case Study
This thesis proposes to explore historic sod roofs as a precedent for green roof construction
through the analysis of surviving examples at Bar BC Dude Ranch in Grand Teton National Park,
WY in order to suggest new adaptations to historical usage. The ultimate goal will be to study
the original and current roofing techniques to determine a method that will allow historical
interpretation of the structures while improving roof and building maintenance and overall
sustainability.

This thesis will investigate the history of sod roofs, especially in relation to log building in the
American West and the design of modern green roof construction as a means from which
recommendations for the application of new sod roofs may be designed, tested, and applied.
The Bar BC Dude Ranch at Grand Teton National Park will serve as a case study to better
understand existing historic sod roof construction, why such roofs fail, to evaluate deterioration
and sod roof performance, as well as to suggest a new design for the extant structures that may
ensure their conservation and interpretation.

1.2 Green/Sod Roof Design
The study of both historical sod roof traditions and green roof construction will assist in
determining how to create a method of assembly that will respect the Bar BC Dude Ranch
cabins’ historic fabric and traditions while possibly developing roofs that may be less difficult to
maintain. Similarities between historical and current construction techniques will be collected to
inform a proposed green roof design for cabins at Bar BC Ranch.
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1.3 The Tradition of Sod Roof-Log Building in the West
Research suggests that sod roof construction was common among early settlers in the western
United States. By exploring the significance of these early structures, many now gone, this thesis
will be able to further demonstrate the value and importance of preserving Bar BC’s cabins as
they are existing remnants of a regional American tradition.

1.4 Stress Grade & Design Properties for Round Timber, Determination of Dead Loads and Live
Loads Associated with Vegetative Green Roof Systems & Green Roof Soil Testing
In order to recreate green roofs on the cabins at Grand Teton National Park, research into log
cabin structural design properties for round timber and the dead and live loads associated with
green roof systems is explained to determine whether or not the cabins can withstand the loads
of the new roofs.

“The most critical component of a successful green roof and the most common cause for green
roof failure is the green roof soil or growth media” (Luckett 2009, 78). The Standard Test
Method for Maximum Media Density for Dead Load Analysis of Vegetative (Green) Roof Systems
(ASTM E2399-11) is investigated to recommend performance testing that can explore a more
sustainable and manageable roof design. The results of future testing for the lightest substrate
(soil mixture) may assist in making recommendations for future cabin construction and the
treatment for current cabin reroofing.

1.5 Justification
Although modern sod roof application has gained momentum with the sustainability movement,
not much has been done to promote it as a means of preserving historic fabric in cases where it
2

serves as a historical precedent. This study will trace the history of sod roof construction to
further verify its importance while developing ways for roof conservation to enhance their
value.

1.6 Research Methods & Testing
The research process occurred in five phases: historical research, site analysis, experimental
design research, and synthesis to make recommendations to Grand Teton National Park.

Phase 1
This phase required research of the history of sod roof design and construction: globally, in the
west, and today.

Phase 2
Data pertaining to the site, climate, cabin structure integrity, Grand Teton soil, National Park
Standards for green roofs, current roof systems, and modern green roof
construction/specifications were gathered.

Phase 3
Testing and monitoring standards for evaluating green roof components and substrate
performance are explored.

Phase 4
An examination of the Standard Practices for Establishing Stress Grades for Structural Members
in Log Buildings (ASTM D3957-09), the Standard Practice for Determination of Dead Loads and
3

Live Loads Associated with Vegetative (Green) Roof Systems (ASTM E2397-11), the Standard Test
Method for Maximum Media Density for Dead Load Analysis of Vegetative (Green) Roof Systems
(ASTM E2300-11), and FLL standards was conducted for experiment design.

Phase 5
Results were gathered and recommendations for conservation and future construction are
made.

4

Chapter 2 LITERATURE REVIEW
To explore historic sod roofs as a precedent for green roof construction, an evaluation of
literature relevant to this topic was conducted. The nature of the study of green roofs was found
to be mostly technical in nature and after initial research, it became evident that themes
relevant to the subject were rarely found in a single book. Furthermore, although this thesis
addresses many subtopics (Bar BC Dude Ranch’s History, soil, and climate data for the Grand
Teton region), they were not considered for this review because information on those topics
was readily available and came from single sources. Of more importance were the themes
identified: historical building traditions, sod roof building, sod roof building in the American
West, sod roof design, modern sod roof designs, and methods for testing and monitoring.

2.1 Historical Traditions
Literature on historical traditions was broken into two parts: sod roof building and sod roof
building in the western United States.

2.1.1 Sod Roof Building
Literature relevant to sod roof building was surprisingly much more literary than technical. The
majority of the sources found came from fiction, memoires, and diaries rather than journals,
newspaper articles, historical records, etc. Sources pertaining mainly to sod roof building were
those whose text was focused on teaching how to design a sod roof. These books contained
little on the history of sod roof building and more on application and advocating of their use.

Books that described sod roof building also mainly focused on sod roof construction abroad.
These began with examples from Neolithic people living in the areas of south west Asia and
5

northern European countries like Norway, Iceland, and the Faeroe islands. (Grant 2010, 5). It is
also important to note that it was rare to find published works that did not describe sod roof
building in a historic context. Most of the information found came from chapters in books and
tended to be brief. The majority of the information in these books focused on the technical
aspect of building a modern green roof. It was common to find the same examples for historic
roofs used multiple times across publications. Again, many of those examples focused on
European traditions.

Regarding how recent these works were written, the range is fairly vast: 1937 – 2010.
Fortunately, despite the large gaps between publication dates, the information is consistent
across sources. The reason for this is due to the fact that, of all the books written about green
roof history, almost every source cited the same resource for the basis of their historical
research. More than six publications cited Theodore Osmunson (1997) as their primary source.

2.1.2 Sod Roof Building in the West
Examples of sod roof building techniques came from The Sod House, by Cass G. Barnes (1970),
The Cabin: Inspiration for the Classic American Getaway by Dale Mulfinger (2003), and Sod
Houses on the Great Plains by Glen Rounds (1995). These books were largely literary as well as
chapters dedicated only to the subject of green roofs (Barns 1970). Barnes gives a social history
of the Northern Plains from the creation of Kansas and Nebraska to the admission of the
Dakotas. The book describes how cities in the West began to grow, the people that emigrated,
and the types of dwellings that were erected. Although the sod house was specifically identified,
the majority of the text was dedicated towards the social aspects of living in the West.

6

2.2 Traditional Sod Roof Design
Sources on historical sod roof design were found in a combination of literary and technical
works (Green Roofs and Facades by Gary Grant [2010], Planting Green Roofs and Living Walls by
Nigel Dunnett [2008], Building Greener: Guidance on the Use of Green Roofs, Green Walls and
Complementary Features on Buildings: C644 by J. Newton, D. Gedge, P. Early, and S. Wilson
[2007], Roof Gardens: History, design, and Construction by Theodore Osmunson [1997], and
Green Roof Systems: A guide to the planning, design, and construction of landscapes over
structure by Susan Weiler [2009]). However, the most helpful were from the technical and case
study writings (Green Roofs: Ecological Design & Construction by Earth Pledge [2004], Green
Roof Design 101 by Green Roofs for Healthy Cities [2011]). In attempting to find examples of
historic designs constructed in a modern context, there was only one source found and it was a
case study: Stone, Log and Earth Houses: Building with elemental Materials by Magnus Berlund.
Unfortunately, little was found regarding contemporary use of historic techniques. Therefore,
the majority of information regarding how to construct a historic green roof comes from the
literary accounts, an illustrated children’s book (Sod Houses on the Great Plains by Glen Rounds
[1995]), and a historic building survey created for the Bar BC Dude Ranch/National Park Service
(Bar B-C Dude Ranch Grand Teton National Park, Wyoming Historic Structures Report by Roy
Eugene Graham, AIA and Associates [1993]).

2.2.1 Modern Sod Roof Designs
Literature on modern sod roof designs and green roof systems was widely available, very
consistent and all technical in nature. Although all the sources were written for different regions
of the world (UK, Germany, Canada, and the US), the terms used are consistent and the
techniques recommended were all very similar. Depending on the dates of publication, there
7

was an obvious difference in technology. For example, although every source called for the
application of a moisture barrier, the most recent examples published describe more types of
synthetic moisture retarders and many more ways to apply them (Green Architecture: Advanced
Technologies and Materials by Osman Attman [2009], Green Roof Design 101 by Green Roofs for
Healthy Cities [2011], Design and Construction of Green Roofs by L Ling Shen Chun Lin [2009],
Green Roof Construction and Maintenance by Kelly Luckett [2009], The Green Roof Manual: A
professional Guide to Design, Installation, and Maintenance by Edmund C. Snodgrass and Linda
McIntyre [2010], and Green Roof Systems: A guide to the planning, design, and construction of
landscapes on structure by Susan Weiler [2009]).

2.3 Testing and Monitoring
Standards for testing and monitoring were limited to three sources. These sources were from
the American Society for Testing and Materials (ASTM), Forschungsgesellschaft
Landschaftsentwicklung Landschaftsbau (FLL), and Factory Mutual Global (FM Global). ASTM
standards were found primarily on the World Wide Web, FLL was found in print (translated from
German), and FM Global recommendations were found in the form of citations. It was
interesting to see that these sources were often referenced but there were never details
regarding their methodologies and techniques. Mostly, the standards and recommendations
occurred in almost every technical source as bullet points or lists. For more information on the
testing and monitoring standards, the actual documents had to be downloaded and consulted.

2.4 Conclusions
The literature used to inform the research for this thesis ranged from literary writings, to
manuals, reports, and other technical works. The literature most available dealt with green roof
8

construction. Those sources however, detailed the benefits of constructing green roofs rather
than detailing how their components come together. Unfortunately, performance testing and
evaluation of green roofs as a system do not appear to be discussed other than in one source
(Green roof systems: A guide to the planning, design, and construction of landscapes over
structure by Susan Weiler [2009]). In researching green roof components, it is necessary to find
the most recent information. While it is interesting that the components needed to construct a
green roof have not changed, their application techniques and composition are undergoing
significant technical modifications.
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Chapter 3 SOD ROOF DESIGN OVER TIME
3.1 A Global History of Roof Garden Construction & Sod Roof Design
Traditional sod roof design begins as early as the Neolithic period in southwest Asia about
10,000 years ago (Grant 2010, 5). The practitioners of sod roof building used vegetating roofs to
construct ziggurats and gardens over elevated surfaces (Weiler 2009, 1). Perhaps the most wellknown ornamental green roofs from Antiquity were those of the Ancient Near East along the
Tigris and Euphrates River Valleys and later, during the Roman Empire. Most of all are Babylon’s
hanging gardens from the seventh and eighth centuries B.C.E. (Dunnett 2008, 9).

Today, little physical evidence remains of ancient roof gardens. However, they are mentioned
often in classical literature (Osmunson 1997, 112). The first known historical references to
manmade gardens appear in the fourth millennium about 600 B.C. These tended to be in the
courtyards of temples in major cities and great stepped pyramid towers (Ziggurats). Access to
these gardens was by staircases located on the edges of the structures.

The hanging gardens of Babylon were one of the Seven Wonders of the Ancient World. They
were constructed during the rebuilding by Nebuchadrezzar II for his wife Amytis who missed the
greenery of her native land, Media (Osmunson 1997, 112). These were first mentioned from
about 290 B.C.E. about 200 years after they were destroyed. The garden was reported to be 100
feet long by 100 feet wide and built up in levels (Figure 1 Hanging Gardens of Babylon). The
green roof gardens were built upon vaults that were seventy five feet high. Across the vaults
were stone beams covered with a layer of reeds set in tar under two courses of baked clay brick.
The bricks were mortared together with cement and then covered with lead to prevent
moisture in the soil from penetrating through the roof (Osmunson 1997, 114).
10

Figure 1 Hanging Gardens of Babylon (Osmunson 1997)
Above these layers was enough soil to allow large trees to flourish. To irrigate the vegetation,
pumps took water to conduits from a local river source.

Nearby are other roof garden examples at the temple of Esagila and ziggurat Etemenanki. These
green roof gardens were most likely destroyed by Xerxes I during a local revolt against the
Persians. Although these gardens are described in many classical writings, there is no proof they
ever existed.

Another ephemeral green roof can be found in Pompeii. Although little is known about Roman
individual roof gardens, it is certain that they existed. After Mont Vesuvius’s eruption in A.D. 79,
about 13 feet of volcanic ash preserved a building with terraces and green roof gardens.

During the Middle Ages and the Renaissance, the use of roof top gardens is found in religious
architecture. One documented example is a Benedictine abbey (name unknown) from the 13th
century in France. To meet Christian ecclesiastical architecture standards, the cloister had to be
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enclosed and open to the sky. To achieve this, cloisters and their gardens had to be located on
the roof of chambers below (Osmunson 1997, 115).

While difficult to find, some of the first and best preserved examples of garden roofs come from
the Italian Renaissance during the time of Pope Pius II. In the summer papal residence, in the
village of Corsignano, the Palazzo Piccolomini included a roof garden. Although the garden
appears to be at ground level, it is actually the roof for the main story of the palace. Constructed
of monolithic stones and four rectangular rooms, the windowless chambers below are now used
for artisans’ shops and storage (Osmunson 1997).

In the New World, the great Aztec city of Tenochtitlan had roof top gardens. However, after the
city was razed by the Spanish conqueror Hernan Cortez in 1521, the only evidence of their
existence can be found in the writings of Spanish invaders. In these writings, references to many
roof gardens are found in the correspondence from Cortes himself. He described the city (today
Mexico City) as a place with many fine houses equipped with large dwelling rooms and exquisite
flower gardens on their upper stories (Osmunson 1997, 118). These houses were built of red
porous stones taken from local quarries and the roofs, azoteas1, often had stone parapets so
that each house could accommodate trees and large vegetation. These azoteas not only served
an aesthetic function, but were most likely constructed out of necessity. Because the city was
built upon a manmade island, Lake Texcoco, there was limited ground level space for gardening.
The use of the residential roofs and their access to sun were necessary for gardening and
harvesting produce (Osmunson 1997).
1

Derived from Hispano-Arabic ([as-suṭáyḥa], from Arabic “flat, spread out”), an azotea (plural azoteas) is a
flat roof, terrace roof.
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The use of green roof structures remained popular again from the 1600’s- late 19th century in
Europe and Russia. Roof gardens in Russia were seen as a sign of wealth and a great luxury that
could only be afforded by nobility. It was in the 17th century that a very large two level hanging
roof garden was installed on the roof of the Kremlin palace. The upper garden (10 acres) was
built on the same level as the rooms of the mansion, and with two additional terraces that
descended almost to the Moscow River (Osmunson 1997, 118). The roof gardens were built on
vaults and surrounded by stone walls. There was also a large pond that was supplied with water
via a device installed in the Vodovzvodnaya Tower at the Kremlin. The lower roof garden (6
acres) was built in 1681 on the roof of a stone building and also had its own pond with waterlifting tower. To construct these roof gardens, welded lead sheets were used as a lining and
plants were put in boxes or tubs. The original palace and its gardens were later razed in 1773 to
make way for the new Kremlin palace (Osmunson 1997, 120).

In current Germany, Karl Rabbitsz of Berlin built a roof garden on a middle-class residence in the
late 19th century. This was uncommon for the area, a cold climate with rain year-round. Knowing
the climate very well, Rabbitz used vulcanized cement (patented himself) to seal the roof. His
breakthrough in waterproofing was later exhibited at the Paris World Exposition of 1867
(Osmunson 1997, 121).

In Northern Europe, to help cope with the region’s long winters, a method of building with sod
roofs provided a better thermal barrier to heat loss under such harsh conditions. Sod roofs can
still be found today in Northern Scotland, Iceland and other Scandinavian countries (Figure 12
Diagram of a traditional Scandinavian turf roof, with sections of birch bark to form a waterproof
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layer - In fact, the green roofs in this region were so popular that around 1900 at least 50
percent of Iceland’s inhabitants were living in turf roofed buildings. The roofs they designed
consisted of soil with a mat of grasses and other plants for insulation. In designing these roofs,
the most important factors were ensuring that the roof section could hold the soil properly and
allow adequate drainage to prevent timber rot. This practice has almost disappeared due to the
introduction of modern heating systems; however some of the original sod roofs still exist
(Osmunson 1997, 121).

In the eastern United States, from the turn of the century up until after the Second World War,
roof top gardens were common. The most successful green roofs in the US were used for
summer entertainment in major cities. In fact, the term roof garden was coined around 1893 to
describe these spaces. Many important venues still reference this use. Examples included: the
Winter Garden and Madison Square Garden in New York. The original Madison Square garden,
designed by McKim, Mead and White featured a roof garden theater/music hall (Osmunson
1997, 123).

As city residents became accustomed to roof garden life, there came a push to integrate roof
gardens into both hotel and residential architecture. Hotels like The Waldorf-Astoria, the Astor,
and many small restaurants began to advertise their elaborately designed roofs with gardens,
fountains, pergolas, trees, etc. During the 1920’s, there was also a boom in penthouse
construction complete with roof top gardens (Osmunson 1997, 124).

Architects for many of these structures were trying to meet a demand. However, for some
architects, adding green roofs to structures was out of necessity. In Germany, green roofs were
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being used for their fire retarding qualities. In fact, many of these green roofs are comparable to
today’s modern green roof systems (Newton J. 2007, 22) However, for architects like Frank
Lloyd Wright and Le Corbusier, building with green roofs was a philosophical design solution.
They believed that rooftops should serve as functional spaces. For Wright, the roof was merely
an extension of interior space. Unfortunately, some of his best works to include roof top
gardens have been demolished (e.g. Midway Gardens, Chicago; Larkin Building, New York; and
the Imperial Hotel, Tokyo). For Le Corbusier, the roof as a garden space was a necessary tenant
of modern architecture. Although he did not expressly write that the roof should be used as a
garden space, he did believe that it should be an exterior room. The intent of this room is to
connect the city dweller with the outdoors. It is a place for the user to enjoy fresh air and
sunlight. The roof top terrace therefore appears in most of his architectural designs (Newton J.
2007).

After such a long history and much reported success during the early 20th century, some might
wonder why roof top architecture declined and did not resurface until the 1950’s and 60’s.
Although the gardens of the prewar period were very influential on the daily lives of city
dwellers, after World War II and the Depression of the 1930’s, building construction stopped.
The focus of landscape architects and architects was to address low income housing and
developing smaller structures that were not only more efficient but less costly to build. Another
reason for the decline of building with green roofs was a perception of higher social status that
came from living in a house made of modern materials and modern designs (Newton J. 2007,
22). Designing green roofs became exercises in design for museums, schools, and government
buildings. Most tended to be in urban areas and were designated for their wildlife interest.
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Government use tended to be for military buildings, aircraft hangers, and bunkers (Newton J.
2007, 23).

3.2 History of Sod Roof Construction & Design in the Western United States
The technique of building with sod roofs was used by early settlers in the Great Plains during the
mid to late 19th century. Because of a shortage of timber it was not uncommon to find buildings
such as Pony Express stations, school houses, barns, and stores had sod roofs (Osmunson 1997,
122). These roof structures worked very well except during rainy periods. They were known to
leak and were eventually replaced once the transcontinental railroad arrived bringing in
manufactured materials such as metal roofing and asphaltic products.

The roof of the American log cabin is typically described by a double slope gable with an
unbroken roof ridge. The design for these roofs came from Northern Ireland via Scottish-Irish
immigrants (Jordan 1980, 31). The gabled roofs found in the American West resemble gabled
roofs from the Scottish Highlands, Wales, and Western England.

Two different methods of construction were prevalent. The British method (probably from
Northern Ireland) involved the use of a ridgepole that ran the entire length of the roof from one
gable to the other. Rafters went from the ridgepole to the plate. Affixing rafters to the plate was
done either with mortises or with pegs. Sometimes purlins (beams running parallel to the
ridgepole) were used to provide extra support. Purlins, also called rib poles, were introduced to
the United States by British immigrants (Jordan 1980, 32). When purlins were used, the log end
walls of the house often reached up into the gables and the purlins were notched into the gable
logs. Purlins were more often found in cabins than log houses. The difference between a cabin
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and a log house is usually the size. Cabins, being smaller in size, do not need rafters. Instead of
rafters, rib poles are laid from end to end of the roof and then narrow boards were attached
(Jordan 1980, 32).

The second method to build cabins and log houses lacked a ridgepole. The technique involved
lap jointing and pegging two rafters on opposite slopes together at the crest (Jordan 1980, 32).
Stability was provided from the lathing added to the rafters. This type of roof was common in
central and Southern Germany and was probably first brought to the United States by
immigrants to Pennsylvania. After their arrival, many of these German settlers often moved to
Texas (where most houses using this method are found) (Jordan 1980, 32). In cases where
porches and shed rooms are attached to houses and cabins, the angles tended to be at 20 or 25
degrees and about half as steep as the main roof.

Two terms were used for describing how a roof was covered. In cases where boards went from
the ridgepole to the plate, the roof was “covered.” In cases where the roof had shakes or
shingles, the term “roofed” was used. The use of shakes or shingles was brought by Germans as
there is little or no British precedent for this technique (Jordan 1980, 32).

A common misconception associated with sod roof construction is that it was primarily applied
to wooden construction. However, in territories like Nebraska not only was the roof made of
sod, but the walls as well. Typical Nebraska homesteaders would make their homes out of sod
using various techniques (see Appendix A). One method was to dig a hole into the side of a hill
or ravine. Often called a “dugout,” it was excavated with an open top that was covered with
logs, brush, prairie hay, and sod with its end facing a ravine (Barns 1970, 57). Dwellings above
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ground were built by excavating about one to two feet below the surface for the inside of the
building to reduce the height of the exterior side walls. Unlike sundried mud bricks found in the
south west near the Mexican border, the bricks used in the north and central west were made
from loamy, clayey earth. This type of construction was sometimes called a “soddy” house.
These houses ranged in size with the largest being about 16-20 feet long (Barns 1970, 58).

The process for constructing houses made entirely of sod could actually be fairly complex. The
first step was to find a location where the sod would be thickest and strongest (Barns 1970, 59).
A breaking plow was then used to turn over furrows on about half an acre making sure the
furrows were of even width and thickness (to make sure the home’s wall would rise evenly). A
spade was used to cut a furrow into sod bricks about three feet long and a float made of planks
or the forks of a tree were used to transport the bricks. The first layer of the wall was created by
placing three foot wide bricks side by side around the foundation (except where the door would
be). The brick joints were then filled with fine soil and two more layers were placed above the
first. Every third course was laid crosswise to bind the layers together. A door was created by
constructing a simple frame that could withstand sod around and above it. The same applied to
windows. Usually there were only two, one by the front door and another at the opposite end of
the house. Once the walls were completed, a sharp spade was used to carefully trim the house if
some of the proportions were uneven.

After the primary foundation and walls for the house were constructed, the next step was to put
a roof on the structure. The most expensive soddies were constructed with a framed roof that
had a ridge peak in the middle using 2x4s for rafters set on a 2x6 that served as a plate on top of
the walls. Sheeting was nailed to the rafters and tar paper was spread over the sheeting boards.
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This was then covered with sods that were somewhat thinner than the sods used for the side
walls (Barns 1970, 60). The sod bricks were laid on the roof and filled with fine clay dirt the same
way the walls were packed. These roofs tended to shed water very well; however the soil that
filled between the sod bricks often had to be renewed as it was often eroded by rain.

If the early settler did not have enough money to buy 2x4s, sheeting, and tar paper,
homesteaders would use crooked limbs, brush, coarse prairie hay and a tick covering of sod for
the roof. To hold the large load created by this type of roof, a forked tree would be planted at
each end of the house and a ridge pole would be placed from one end to the other to form a
gable. Limbs were then laid from the pole to the walls and covered with soil (Barns 1970, 62).

Walls inside the soddy were plastered with gray colored clay that was dug up from below the
black surfaced soil. These houses became very popular due to their low cost and available
materials, but also were popular due to their ability to provide good insulation during both hot
and cold weather.

Problems with soddy construction came from the fact that in the more inexpensive houses
(unlike the ones constructed with tarpaper and sod), the soil roofs leaked for days after as little
as an hour’s worth of rain (Rounds 1995). As most of the floors in the soddies were also made of
soil, they became extremely muddy. Another drawback came from the fact that the dwellings
tended to attract unwanted wildlife. Field mice would often burrow in the sod walls and
sometimes in the hay on the roof. Hunting the mice, snakes moving through the sticks in the
roof would sometimes fall between the ceiling poles into the space below. Problems with
dugouts were a bit more serious in that livestock would sometimes fall through the hill nestled
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structures unaware that they were standing on a roof. This was extremely dangerous for the
families below (Rounds 1995).

Nonetheless, sod houses could last at least four to five years and were easy to expand. Once a
settler had made enough money to purchase lumber, the roof could be replaced with boards,
and more rooms could be added. As these houses grew in size, they were used for much longer
periods. Passersby could usually tell how long a sod house had been on a site by the amount of
vegetation on the roof. Adding to the landscape were roofs with flowers and wild grasses that
were not only economical but pleasant to look at (Rounds 1995).

3.3 History of Modern Green Roof Construction
Although green roofs have almost disappeared, planting on roofs and walls is now enjoying a
revival. With governments pushing towards sustainable architecture, and corporations trying to
create better image perceptions, green roofs are gaining in popularity. To understand the
modern green roof movement, we must look at the German-speaking European countries
(Dunnett 2008, 13). Renewed interest began to develop in Germany because of their fire
retarding properties (Newton J. 2007, 22). What is recognized today as modern green roof
design comes from an environmentally conscious public, radical ecological pressure groups,
scientific research, and a social and political environment that facilitated to promote its
application in this part of Europe.

Most of the projects began in the 1960s and 70s in Germany and Switzerland. In the 1970s the
question of whether green roofs were only for the wealthy was addressed by an influential
landscape architect and professor, Hans Luz (Roofgreening – luxury or necessity? [1970]). Roof
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greening according to Luz, was part of a new strategy to improve the environment. Efforts
(whether through writing, construction, or experiments) to bring awareness to the use of green
roofs was seen as radical during the 1960s. Using green roofs was part of a counter-culture
movement to change how people lived and was described as “greening the city” (Dunnett 2008,
14). As the movement grew, people began to create squatter settlements that took over whole
blocks of European cities where plants were grown on roofs. During this time, futurist writers
began to think about and describe future cities. For them, the new urbanism was filled with
green roofs and walls.

During the 1970s distinctions between green roof types were created: extensive, semi-intensive,
and intensive. The term “green roof” today is often used as an umbrella for a number of
sustainable systems that serve as a roof (Weiler 2009, 8). According to landscape architect,
Susan Weiler, the confusion of terminology is exacerbated by the words “extensive” and
“intensive” because they may seem counterintuitive to English speakers (Weiler 2009).

Extensive roofs are used to describe systems that have very shallow depth of soil or growing
medium and are primarily used for their environmental benefits. These systems are rarely
irrigated, require little maintenance, and are not intended to be accessed directly for garden or
open space.

Intensive roofs are systems that have greater soil depth or growing medium. This allows for
greater diversity in size and types of vegetation. It also usually requires supplemental irreigation
and a more intensive level of maintenance.
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Weiler explains that the disadvantage to using these terms is that neither clearly reflects the
systems purpose or use and does not adequately convey design or maintenance requirements.
She states “a terminology-driven, rather than use-driven, approach to the design and
construction of green roofs can lead to additional confusion and inaccuracy in design,
documentation, and client expectations” (Weiler 2009, 8).

These terms and further research investigations were greatly due to the development of a green
roof study group within the FLL (Forschungsgesellschaft Landschaftsentwicklung
Landschaftsbau: the society for research in the development of landscape and landscape
construction), created in in 1977. This German-based body acts as an umbrella organization for
research into landscape construction and the definition of specifications and the setting of
industry wide standards (Dunnett 2008, 15).

Today, many of the ideas of the counter-culture and the environmentalist movement have been
adopted by professionals and popular culture. Because of this, ideas that were traditionally
attributed to outsiders have been increasingly valued and exposed to demanding scientific and
economic assessment. Although the public is increasingly becoming more and more concerned
with the environment and the damaging effects of pollution, economics have been one of the
primary motivators for “going green.” Green roofs and other environmental approaches to
design can reduce much of the cost that urban areas can impose on the environment.

Green roofs, no matter how popular they may be, are being taken up all over the world for
different reasons. These can be: climatic, cultural, political, and economic. For example, green
roofs in Germany were developed for environmental reasons while in the U.S. primarily for
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economic reasons. In Norway, green roofs are being used to preserve cultural heritage. Today it
is understood that Germany is the center of the green-roof movement throughout the world.
Because of the Federal Nature Protection Act, the Federal Building Code, and state-level nature
protection statues in Germany, by 2002, one in every ten flat-roofed buildings in the country
had a green roof (Dunnett 2008, 17). An example of one of these statutes comes from Berlin in
1988 with its mandate that if a new building takes up too much ground space, permission for
construction is only granted if a green roof is added to the building. Since then, about 43% of all
German cities offer some sort of incentive for green roof installation.

In comparison to German-speaking European countries, Britain and other countries of northwestern Europe are lagging far behind. For example, green roofs in Britain are still seen as a new
concept and are reserved only for high-profile buildings or environmental centers (Dunnett
2008, 17). Although Scandinavian countries have a tradition of building with grass roofs, these
are mainly seen as historical features and contemporary roofs are rarely found.

Southern European countries like Greece, Italy, Spain, and Portugal have even less green roof
developments. This may be due to the fact that the German designed sedum roofs are not
successful in their hot, dry summer climates. Also, the reduced summer rainfall as compared to
Northern European countries means that water retention is not as large of an issue. For these
countries, the greatest benefit that comes from constructing a green roof is the lowered surface
temperature of the buildings.

In the United States, contemporary green roofs are the result of research by designers, and
other professionals traveling to Germany (Dunnett 2008, 18). Green roofs in the United States
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are also a result of European manufacturers wishing to expand to other markets. The cities in
the U.S. to embrace green roof building the most are Chicago, Illinois; Portland, Oregon; and
Washington, D.C. Chicago is trying to distinguish itself as being the greenest city in the United
States. As part of Chicago’s plan, it increased street tree planting, created more urban gardens
and pocket parks, and created higher standards for urban parks in the city. It also put a green
roof on top of its city hall (Dunnett 2008, 19). In Portland, green roofs are being used to reduce
pollution and prevent polluted urban runoff from reaching rivers. Preventing the runoff will help
save salmon stocks (an important local industry) from damage. From a development
perspective, developers are encouraged to install green roofs through incentives to increase
their floor space depending on how much green roof space they include in their design.

Corporations in the United States have seen the effects of positive publicity that comes from
“going green” and have begun to implement green designs into their building plans. For
example, Ford Motor Company’s new assembly plant in Dearborn, Michigan boasts a large
green roof. “In many ways this is a sign that green-roof technology is not only here to stay but
commercially acceptable” (Dunnett 2008, 19). When this plant was completed, it was the largest
green roof on an industrial complex in the world.

In Canada, green roofs are concentrated in the city of Toronto. This city is the home of Green
Roofs for Healthy Cities and many research activity centers focused on promoting green roof
technology and techniques. Like Chicago, Toronto’s City Hall has a green roof.

In areas of Asia, South America and Australia, green roof design addresses a different set of
challenges. These regions, hot and humid, have high rainfall and evapotranspiration rates.
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Flooding and erosion are major problems and despite their elaborate drainage systems, building
green roofs requires more innovative solutions. It is in these areas that green roofs are
efficiently reducing water flows. Although the roofs are useful, it is important to note that the
substrates are saturated over long periods, the roofs are subject to high erosion, plant growth is
quicker, and there is a possibility that roof vegetation could host mosquitos (casing the threat of
malaria) (Dunnett 2008, 20).

In areas like Singapore and Japan, green roofs and vertical greening are seen as a way to reduce
the urban heat island effect and provide green space for their residents. In 2001, Tokyo
introduced a requirement that all new buildings with more than 10,760 square feet cover at
least 20% of their roofs with vegetation. Its goal was to have at least 12,000 ha of green roofs by
2011 which could reduce the city center’s temperature by 1.7 degrees Fahrenheit.

Although the green movement is becoming more popular and research has made much
progress, there are still many obstacles green roofs must overcome before they are more widely
used. These barriers are a lack of knowledge regarding the benefits of green roof technologies,
lack of incentives for their implementation, and risks associated with them. However, the main
obstacle preventing green roof construction is that the additional costs associated with green
roofs provide meaningful and worthwhile paybacks. The costs to strengthen roofs to support
soil and vegetation, their components, actual construction costs, and costs to get the materials
onto the roof prevent many designers from including them in their plans. Also, the ongoing
maintenance costs make designers hesitant to specify them in their designs (Dunnett 2008, 21).
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Chapter 4 SITE INFORMATION, CLIMATE, & VERNACULAR AND CONTEMPORARY GREEN ROOF
DESIGN/SPECIFICATIONS
4.1 Case Study & Historic Preservation in Relation to Sustainability
Bar BC Dude Ranch has been selected for the primary study of this thesis to serve as a precedent
for historic green roof construction. “No other architectural form has so captured the
imagination of the American people than the log cabin”2 (Bomberger 1991, 2). In order to save
this historic typology, the analysis of surviving cabin examples, specifically those with sod roofs,
at Bar BC Dude Ranch will allow for historical interpretation while improving their maintenance
and overall sustainability.

Of the many examples of surviving sod roofs in the west, Bar BC was chosen because of urgency
to preserve its historic cabins. Most of the current structures are in dis use and in complete
fragile or unstable condition. Because of the high costs associated with their current
maintenance, specifically roof repair, many of the cabins have deteriorated and could be lost if
not restored.

Also, this case study aims to address misconceptions regarding preservation and its relationship
to the sustainability or “green” movement. Bar BC is a good example of how historic
preservation can work in conjunction with sustainability efforts. Historic Preservation in the
United States is relatively new to sustainability (Longstreth 2011, 2). Traditionally, the leaders of
the sustainability movement have been part of the conservation and scientific communities.
2

Although the terms “log cabin” and “log house” are often thought of as being synonymous, there is a
distinction between the two structures. A log cabin, generally, is a simple or one-and-one half story
structure that can be impermanent and less finished. Log cabins were constructed with round rather than
hewn-logs and were often built as second generation replacements (Bomberger 1991).
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Although preservationists in the United States can trace their official roots to the founding of
the Sierra Club, it was not until the past decade that they have become actively involved in
addressing issues of sustainability. The most popular phrase circulated by preservation leaders
has been “the greenest building is the one already built” (Longstreth 2011, 11).

If preservation guidelines are combined with sustainable practices, the two can work quite
harmoniously. Examples of common sense guidelines come from Sustainability and Historic
Preservation: Toward a Holistic View. The recommendation is to combine historic guidelines
with environmental impact assessment guidelines (EIA) (Longstreth 2011, 22).

Examples include:
1. Identifying historic places and other culturally valued aspects of the environment
(traditional ways of life and culturally significant animals or plant life) and using
processes that make sense within a given character or history of an area and the kinds
of changes that could result from the project.
2. Evaluating the places in terms of determining which places are worth preserving and
which are not. If enough people believe that something is worth saving, it is important
enough to consider in an environmental impact assessment.
3. Integrating the valued aspects of the cultural environment into project planning. When
a project requires the destruction or alteration of a culturally significant place, a plan
should be developed and carried out to preserve the place as much as possible or
relevant information should be recovered in a way that is acceptable to the local
community.
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The central purpose of EIA’s consideration of the cultural environment should be to identify and
manage the cultural environment in a way that is most satisfactory to those who use and value
it (Longstreth 2011, 27). Because of BAR BC’s rich history and its role in telling a very important
part of America’s western heritage, it should be preserved and interpreted.

4.1.1 Preserving a Vital Part of America’s History
Dude ranches in the West, like Bar BC Dude Ranch, embody what is known as the “cowboy
style” (Graham 1993, 9); buildings designed in a utilitarian style and with sparse available
material. The style is closely associated with the romantic construction of the American West,
and is now in itself an important episode in American history (Graham 1993, 9). Beginning in the
late nineteenth century to the Great Depression, Americans began to travel to the western parts
of the continent in search of romance, adventure, freedom of expression, and new experiences.
These experiences began to compete and even surpass those of east coast vacation retreats as
they provided opportunities to visit pristine wilderness. Dude Ranches made east coast beaches
and traditional vacation retreats seem boring in comparison to the western experience (Graham
1993, 9). Beginning as early as the 1870’s, wealthy Americans traveling west created what is
now called the Great Camp Movement (Bomberger 1991).

Adding to the thrill of western life was the portrayal of cowboy and ranch life through
Hollywood motion pictures. Scenes in movies represented western life in a romantic and
glamorized light complete with cowboy heroes suited in white leather fighting against outlaws
and Indians. These movies became advertisements for easterners looking to escape the city and
in exchange for a more primitive, scenic, and romantic experience (Graham 1993, 10).
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The goal of dude ranch architecture was to be rustic, unique, and simple. Most of the ranches
were built of logs in a deliberately crude manner to contrast with urban and suburban
sophistication in the east (Graham 1993, 10). Built from native timber, stone, and earth, the
cabins looked as if haphazardly constructed by workers living on the ranch. Unlike structures in
the east, there were no architects, pattern books, or plans involved with the cabin’s design.

4.1.2 History of Bar BC Dude Ranch
One of the most famous vacation ranches in the west was the Bar BC Dude Ranch in Jackson
Hole, Wyoming. The ranch was built between 1912 and 1928 by Struthers Burt and Horace
Carncross and was the second of its kind to be constructed in the region. Though the ranch was
not created to be solely a ranch for recreation, it had all the attributes needed to be considered
a model dude ranch. Today, this ranch is one of the oldest and more intact historic dude ranches
in the state of Wyoming (Graham 1993, 15). As the most published, publicized, and host to some
of America’s most famous guests, Bar BC is historically significant. Through Katherine Burt’s
Hollywood connections, Americans were given a glimpse of what it was like to live in the Wild
West. Apart from its architecture, the ranch is famous for its owners. Struthers Burt was a
nationally known author at the time, along with his wife, and son, Nathaniel Burt. Born Maxwell
Struthers Burt in Baltimore (1881), Struthers grew up in Philadelphia as the son of a lawyer. His
father, Horace Brooke Burt unfortunately died early leaving his family in “reduced”
circumstances (Graham 1993, 15). Burt attended private schools and graduated at the age of 16.
Soon after, he worked as a reporter for the Philadelphia Times and later became a writer. In
1900, Burt enrolled at Princeton University (like his father, grandfather, uncle, and later his son
and nephew) to pursue a major in history. During his tenure at the University, he served as
editor-in-chief of the Princeton Tigre and wrote two Triangle Club shows. In 1904 he graduated
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and went on to study at the University of Munich in Germany and Merton College, Oxford.
When he returned to the United States he worked as an English professor at Princeton; however
not for long as it was rumored he left due to a disagreement with the then University President,
Woodrow Wilson.

Burt’s first encounter with the west was through one of his uncles, Alfred Farmar Burt. His uncle
was a rancher in Santa Barbara, California. Burt tried to imitate his uncle and attempted to
develop a few ranches of his own. The first was an apple ranch with colleagues from Princeton
and then a dude ranch in Jackson Hole, Wyoming (JY Dude Ranch) with Lewis Joy. The idea of
developing a dude ranch at this time was fairly new as not many ranches took in paying guests
to work. The first ranch to do this was Eaton Brother’s near Medora, North Dakota in 1882. The
JY was the first real dude ranch in Jason Hole. However, due to “misrepresentation and malice”
on the part of Joy, the JY venture failed and Burt developed a new ranch with JY’s resident
physician, Horace Leedom Carncross (Graham 1993, 16).

Although not much is known about Carncross, Nathanial Burt wrote that Carncross’s family was
known for running a well-known permanent circus in Philadelphia and a theater devoted to
Ethiopian Minstrels. Carncross was about 10 years older than Burt and a neurologist who
studied under Dr. Anna Freud (daughter of Sigmund Freud). In Burt’s diary, he described
Carncross as a bachelor who was a brilliant doctor during the war and in Philadelphia. He wrote
that Carncross was probably one of the best partners one could ever have. Working together,
the two men sought to set a new standard for dude ranches that would attract wealthy
easterners like themselves.
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Although the ranch lasted for about 75 years, the most prosperous years were during the 1920’s
before the great depression. In the late 1920’s Carncross died and left his estate to an already
wealthy spinster cousin, Miss Anne Ellis. After Carncross’s passing, Burt’s relationship with the
third partner, Corse, faded. Corse and his wife eventually divorced and the Burts bought
themselves another ranch for their private enjoyment. Following the dilapidation of the
partnership, the event that had the greatest impact on the ranch was the push to create a
National Park in the valley. Burt originally opposed the creation of Grand Teton National Park,
but after great consideration and a fear that unsympathetic development would destroy the
region, he decided that a National Park would be the only way to preserve the area. The
creation of the National Park was greatly opposed by many of the ranchers and residents of
Jackson Hole along with Wyoming politicians. However, Burt fought to defend the Park through
his book The Nation, Outdoor America (Graham 1993, 26). It was during a meeting on July 26,
1923 at Maud Noble’s Cabin in Moose that Burt and John D. Rockefeller, Jr. with his wife Abby
met to discuss the future of the valley. Although Rockefeller had no intention of being a
wrangler, he appreciated Burt’s love for Jackson Hole and decided to begin protecting the area.
Under the Snake River Land Company Rockefeller began to anonymously acquire key parts of
Jackson Hole to create the nucleus for the proposed National Park (Graham 1993, 26). Like many
of the ranchers in the area, the Burts were made an offer to sell all their properties in the Grand
Tetons.

Although the Burts remained in the area until Struthers’s death in 1954 and Katharine’s death in
1977, it was Irving Corse’s love for the Bar BC that helped it maintain much of its historic
character. Corse was the son of a Minneapolis grain broker and a graduate of Andover and Yale.
Corse began at the ranch as a truck driver and later moved up to manager and then partner. His
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second marriage to a Philadelphia steel heiress allowed him to build a substantial cabin on the
ranch and remain involved with it. Despite the Burts leaving the ranch, Corse’s wife’s
connections were substantial enough to continue supplying important visitors to the ranch. The
Corses continued to run the ranch and introduced a cattle ranching component. After World
War II, Corse died in 1953 and his wife revised the terms of the 1930 sale of the ranch to give
her a life estate on the property. Under her leadership, the dude-ranching aspect of the
property disappeared while she continued to rent cabins during the summer. She later
surrendered her life tenancy in 1986 before she died two years later.

After the death of Mrs. Corse, a large debate over ownership of the buildings arose as her heirs
argued that the land but not the buildings were conveyed to the Snake River Land Company.
A Federal Judge ruled that all buildings constructed after the 1930 sale were property of the
Corse/Ross family. Later, material was found at the Rockefeller Archives in Tarrytown that made
it clear that all improvements were the property of the Snake River Land Company and thus
transferred to the National Park Service (Graham 1993).

4.1.3 Cabin Designs at the Ranch
The designs, by Burt, later came to influence many neighboring ranches as they used the same
mold and spirit of those found at Bar BC. Much of what is known about the dude ranch and its
style comes from Burt’s Diary of a Dude-Wrangler (1925), as it was almost an unofficial guide to
his architecture (Graham 1993, 11).

The style for the cabins at Bar BC has been named Cowboy Style – a utilitarian version of eastern
vacation style homes (Graham 1993, 11). These buildings are easily identified by their low32

pitched roofs, log construction, compactness in scale, river rock, rectangular shape, “lazy”
windows, roofs of sod or rolled asphalt, minimal foundations, concentrated use of local
materials, quasi-professional or non-professional labor, and little use of paint (Graham 1993,
11). If there was any ornament added to the houses, it was usually a stone chimney since most
of the houses used stoves for heating. It is important to note that the use of chimneys was rarely
used by Wyoming settlers and mainly found at Bar BC. What made the cabins constructed by
Wyoming settlers from other regions of the country unique were the materials and period of
construction. Log used for construction in Wyoming was seldom dressed and most of the cabins
were one room rectangular structures (12’x15’). They were built by notching the logs and fitting
them one above the other at the corners. There is only one example of this type of cabin at Bar
BC. The joints between the logs were filled with mud or plaster made of river sand, clay, and
dung. Many of the early cabins at Bar BC had willow strips to hold the plaster between the logs.
While most early cabins in Wyoming didn’t have foundations, cabins at Bar BC had large river
stones at the corners for footings. To help protect from the cold and wind, earth was banked
around the main cabin and some of the other individual cabins.

The style of these cabins became the new vernacular for the region. Defined by their mixture of
logs, native stone, decorative work of twigs and branches, and sod roofs, these became
symbolic of western architecture in materials and adaptation. These structures were not only
innovative in that they defined a new style in American architecture, but they were some of the
first structures to blend into nature in an entirely sympathetic way. With their use of unpainted
natural logs, they would weather and seamlessly blend into the hills and prairies. Because of
this, Burt and other dude ranch builders became some of the first conservationists in the
country – this architecture has turned out to be called what we now call “ecologically
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unobtrusive” design (Graham 1993, 12). Last, what make these cabins architecturally significant
are the time period in which they were built (1912-1930) and the names given to their design.
The cabins were built during what is known as the Golden Age of Ranching and Nathanial Burt
expressed the importance of distinguishing the cabins from cottages and a main cabin from a
lodge. Although the ranch was not designed from the start as a working ranch, it was hoped that
it would evolve into a working ranch3. This didn’t happen until the Upper Bar BC was acquired
for legitimate ranching purpose.

Influences for the architecture created for Bar BC and this new vernacular architecture came
from the translation of log buildings that could be found from Tennessee to Texas and Colorado
(Figure 2 Common Floor Plans for Log Cabin Construction (Plan a. is a Type A style cabin at Bar
BC)). From these areas Burt and Carncross adapted the use of sod roofs and wood frame
building. Their traditions came from Northern Europeans who came to North America in the 18th
and 19th centuries. Limitations in size came from the availability of materials and climate. Stones
were used for foundations and logs came from local timber. If any color was used, it was usually
green and reserved for windows4.

3

Ranches that cater only to tourists are dude ranches. Most “working” ranches do not cater to guests,
though they may allow private hunters or outfitters onto their property to hunt native wildlife. A working
ranch tends to function year round and is sustained by the livestock or agriculture it may support.
4

Most of the standard window and door frames were ordered through catalogs or shipped from Idaho.
The most common window used was called the “lazy window” – a window without a sash cord and laid on
its side so that it would slide horizontally (Graham 1993). Windows and doors facing north were avoided.
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Figure 2 Common Floor Plans for Log Cabin Construction (Plan a. is a Type A style cabin at Bar
BC)

The first cabins at Bar BC (Type A) are identified by being about 12’x14’ because their logs were
cut to specifications off site. They all had box and post joints or corner post construction and
their exterior joints were chinked with course river sand and lime. Each of these buildings has a
chimney at one end (specified for sleeping cabins) and with a door on the long elevation. The
opposite elevation would have a “lazy window.” These cabins always had “sodded roofs” with
wildflowers growing on them. The roofs made from asphalt paper were added later (around
1930). No sod roofs remain today. These buildings were often put on stone footings.
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In contrast, the later cabins (Type B) were put on concrete supports. Type B cabins were
generally two room cabins of fairly equal size with a door in the middle to connect them. These
cabins had two exterior doors (one for each room) on the long side that opened onto a common
front porch. Windows were on the walls opposite the doors. These buildings did not have
chimneys. The front and back walls were made up of logs that were 16’6” long or 15’6”. These
were joined at the ends to make one wall about 32 ½’ or about 30 ½’ long. The center walls
were made of logs that would interlock at each and the end walls were made of 13’ long logs.
Lathe and plaster were used to chinking and shelves were often placed above windows in the
interiors.

The last common type of cabin was Type C. These cabins were different from the other two
types in that their number of rooms varied and their log lengths varied. The other distinguishing
detail comes from the fact that the concrete footings were pyramidal and the trim around all
the doors and windows (inside and out) were bark-slab.

4.1.4 Selecting the Site and Life on the Ranch
The selection of the perfect site for Bar BC was extremely important for both Burt and
Carncross. The two created a list of requirements: the site had to be in Jackson Hole, needed to
have a great view of the Tetons, near water (for fishing and less desirable to insects), and last
the land had to be fairly cheap. Not surprisingly, they also looked at soil conditions, prevailing
winds, timber availability, nearness of range, water rights, nearness to other building materials,
and neighbors (Graham 1993, 17). After researching many sites, it was evident that none of the
existing ranches would do and thus they opted to look for raw land available for homesteading.
The two spent a great deal of time on horseback looking for sites in Jackson Hole until they
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found one near the Snake River. The two began the homesteading process in May of 1912. The
two finally found “a lovely hidden spot” (Graham 1993, 33).

The new site took the name of the brand for both the partners – BC. These two letters came
from the first two letters of the partners’ last names. The two purchased the land they found for
a few thousand dollars (Burt’s funds were borrowed). Once the land was purchased, the first
thing they had to do was build the cabins. This posed a challenge since master carpenters were
few and could be very costly. Also, the supply of materials was short and could be unreliable.
The biggest hurdle however, was time. The partners had about two months to build a small
town in the wilderness that could sustain itself. To meet their deadline, many of their materials
were purchased through catalogues and much of their furniture was manufactured on site.
Once the first few buildings were constructed, the first dudes and guests arrived: Burt’s mother,
fiancé, and friends from Philadelphia and Princeton. Once at Bar BC, Burt’s fiancé, Katharine
Newlin, fell in love with the ranch and the two were married in Princeton in 1913. The two
returned to Bar BC and that is where their son Nathaniel was born at the end of 1913 (delivered
by Dr. Carncross). They were later joined by other family members who worked at its
promotion. Through works published by friends and family, the ranch was able to attract
easterners to enjoy a life of “tranquility & peace.” After World War I, the ranch began to flourish
as the nation prospered and the novelty of going west began to entice vacationers.

The majority of the publicity the ranch received came from the Burts. By the 1920’s both Mr.
and Mrs. Burt were nationally recognized authors writing about both eastern and western
settings. While Katherine Burt focused most of her work on fiction, her works depicting the west
had strong women. Struthers’s work wrote both fiction and non-fiction. His work portraying life
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in the west was featured in the Saturday Evening Post, The Country Gentleman, Colliers, Harpers
Bazaar, Scribner’s Magazine, and some others. Katherine’s novels later became films. Because
many of them were western novels, she helped design the sets and promoted the impression of
the romantic cowboy and western architecture. However, of all the works created by both
Burts, it was Struthers’s book Diary of a Dude-Wrangler (published by both the Saturday Evening
Post and Charles Scribner’s Sons in 1924) that brought the most recognition to the industry and
the ranch. The book served as both an autobiography for the Burts as well as a sort of how to
and literary entertainment.

Life on the ranch was heavily dictated by architecture and design. The central ranch house (the
Main Cabin) served as a central meeting place and base for the ranch. The Main Cabin housed
two living rooms, a card room, writing room, dude and roughneck (employees) dining rooms,
kitchen, and store rooms. Dudes on the ranch had access to the Store, Post Office, and Dance
Cabin. The saddle sheds, blacksmith shops, icehouses, and bunkhouses were reserved for
employees. In addition to the work cabins and Main Cabin were individual cabins, a boy’s camp,
outhouses, and service buildings. The buildings were all spread over about 600 acres. All these
buildings were constructed in the Cowboy style and furnished in very simply, sometimes with
Indian artifacts.

The ranch was also very lively. In addition to about fifty dudes and dudenes, there were four
partners (the Burts included), two foremen, twenty employees, half a hundred buildings, and
one hundred plus saddle, and pack and work horses. In total, the ranch consisted of: two cooks,
one dishwasher, two waitresses, two cabin-girls, one housekeeper (reported to Katharine Burt),
two laundresses, one restabout (chops wood and passes around water), one carpenter, one
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restabout’s helper, two horse wranglers (night and day), one teamster, one foreman (Joe LePage
at the beginning and later Bill Howard), two young dude wranglers (eastern college men)5, one
truck driver, two guides, two camp horse-wranglers, two camp cooks, three partners (Burt,
Carncross, Corse), and two partners’ wives (Katharine Burt and Angela Corse)6.

The majority of the dudes were from the east coast and were part of the Burt’s Philadelphia,
New York, Princeton, and literary friends. Dudes accepted to the ranch had to be compatible7.
Although many of the guests to stay at Bar BC were heavily discussed in his book, he rarely gave
their names. However, he did promote the ranch using references like Mrs. Grover Cleveland,
John Grier Hibben (Princeton’s President at the time), Philadelphia architect Wilson Eyre, Henry
Van Dyke, George B. McClellen, Jr and many other notables. Nathanial Burt in the Jackson Hole
Journal listed Chicago architect David Adler, publisher Alfred A. Knopf, Countess Eleanor (Cissy)
Medill Patterson Gisycka, Ernest Hemingway, William Faulkner, Sinclair Lewis’ first wife (Gracie),
John D. Rockefeller, Jr., and some others as having been guests at the ranch. The duration of
stay at the ranch could range from one week to an entire summer8.

5

Although ranches and ranch workers were common in Wyoming, dude-ranch wranglers at Bar BC were
different. It is interesting to note that Burt required his wranglers to be good looking and patient
“beautiful young cowpunchers who attract the eye and who are kept until they become useless and
“trashy” (Graham 1993).
6

Dudes and dudenes (female dudes) consisted of 8 young men of University age, 6/7 women of
flapperdom and womanhood, 5 families and 12 or so bachelors and unmarried women.
7

Compatible dudes meant upper-class white, Protestants who might have known each other in the East.
Guests to Bar BC had to apply in advance for reservations and references were required if they were not
invited (Graham 1993).
8

To ensure that his guests fully embrace the west, Burt would encourage his guests to dress in full
western attire (Graham 1993).
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Activities for dudes on the ranch included: horseback riding, shooting, fishing, baseball,
swimming, and scenery gazing. Indoors guests could play bridge and other card games, music,
costume parties, and dancing. To get from one activity to another and around the ranch, dudes
could either go by horse, foot, or skis. When it came to food, although meals were large events
on the ranch, because of the ranch’s remote location, most of the food was either locally grown
or bought from catalogues.

4.1.5 Site Data & Climate Data
Bar BC Dude Ranch is located near Moose Wyoming and is part of Grand Teton National Park,
Jackson Hole, Teton County, Wyoming, United States of America (Maps in Appendix C). The
geographic coordinates for this location are: 43° 41′ 42″ N, 110° 41′ 42″ W (43.695, -110.695).
Grand Teton National Park is approximately 310,000 acres (130,000 ha) and includes the major
peaks of the 40 mile Teton Range (National Park Serivice 2011). It also includes the northern
section of the valley known as Jackson Hole. It is ten miles south of Yellowstone National park
(the two are connected by the National Park service). This entire protected area constitutes the
Greater Yellowstone Ecosystem (18,000,000 acres).

The Grand Teton is the tallest mountain in the Teton Range at 13,775 feet. The site also has
many lakes which include Jackson Lake (15 miles long), streams, and the northern section of the
Snake River (Dougherty and Dougherty 2003, 405). Regarding plant and animal species, the
same species of flora and fauna have existed since prehistoric times. More than 1,000 species of
vascular plants, 300 species of birds, and many fish species can be found in the area.
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Jackson Hole is a 55 mile long by 6-13 mile wide graben valley9 with an average elevation of
6,800 feet (the lowest point is at 6,350 feet). The majority of the lakes and rivers in the National
Park were formed by glaciers and the majority of them are located at the base of the Teton
Range. Although the lake is natural, the construction of the Jackson Lake Dam has raised that
lake’s level about 40 feet. Other lakes in the area include: Emma Matilda, Two Ocean Lakes,
Leigh, Jenny, Bradley, Taggart, and Phelps.

Of all the national parks located in the United States, Grand Teton has some of the most ancient
rocks. Some of the oldest are 2,680 plus or minus 12 million years old. These rocks were formed
during the Archean Eon (4 to 2.5 billion years ago) and are metamorphic rocks that include
gneisis, schist, and amphibolites (Love, Reed and Pierce 1997). About 2,545 million years ago,
metamorphic rocks were intruded by igneous granitic rocks. Magma intrusions of diabase rocks
765 years ago left dikes that can be seen on the east face of Mount Moran and Middle Teton
(KellerLynn 2010). The older gneiss has granite and pegmatite intrusions that have worked their
way into fissures. Buried deep under recent tertiary volcanic and sedimentary deposits are
Precambrian rocks and Pleistocene glacial deposits. At the end of the Precambrian the area was
periodically submerged under shallow seas and for 500 million years different types of
sedimentary rocks were formed. During the Paleozoic, sandstone, shale, limestone, and
dolomite were deposited at the site. During the Mesozoic period, sedimentary deposition
continued and coal seams found in the sedimentary rock indicate the region was densely
forested at that time (Love, Reed and Pierce 1997). Fine grained ash later formed into bentonite
by a volcanic arc west of the region during the Cretaceous period. From the end of the Mesozoic
9

A graben is a depressed block of land bordered by parallel faults. German for ditch, it is a result of a
block of land being downthrown producing a valley with a distinct scarp on each side.
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period to the present, the region has gone through a series of uplifts and erosion periods.
During a mountain building period (Laramide orogeny) the western part of America began to lift
to form the ancestral Rocky Mountains. Rocks composed of quartzite and interspersed with
mudstones and sandstones were deposited during erosion from a now vanished mountain range
that existed northwest of the current Teton Range. These deposits had traces of gold and
mercury (Love, Reed and Pierce 1997).

The climate for the area is Semi-arid Mountain. The extreme high is 97 degrees Fahrenheit (36
Celsius) and the extreme low is -63 degrees Fahrenheit (-53 Celsius). Average snowfall is 173
inches with precipitation of about 21.6 inches (55cm) (National Park Serivice 2011). The wettest
months are between November and January and mostly in the form of snow. The park averages
450 inches of snow in the mountains and 191 inches in the valley annually. During January, the
daily temperature can range from26 degrees Fahrenheit during the day to 1 degree Fahrenheit
at night. For July the range is from 80 degrees Fahrenheit to 41 degrees Fahrenheit. During the
summer, thunderstorms are common in the mountains (Table 5). According to the psychometric
chart10 for Jackson Hole, not many days in the year fall within a zone of comfort for most people.
Unfortunately, the majority of the year the comfort levels fall well below the cool and moderate

10

The principles of psychrometry apply to any physical system consisting of gas-vapor mixtures. The most
common system of interest is the mixture of water vapor and air, because of its application in heating,
ventilating, and air-conditioning and meteorology. In human terms, our comfort is in large part a
consequence of, not just the temperature of the surrounding air, but (because we cool ourselves via
perspiration) the extent to which that air is saturated with water vapor. The psychometric chart helps us
understand under what conditions we are comfortable in a given environment based on temperature and
pounds per square inch of moisture in the air.
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levels. If looking to be in the Grand Teton region during a comfortable month, the best time is
during summer months (Table 6 and Table 7)11.

When looking at wind patterns for the region, the wind frequency (Hrs) tends to be mainly
between 10 and 20 kilometers per hour northward and south westward (Appendix A - table 4).
During the fall months, wind is primarily northward, winter is primarily northeastward, and
spring is north and northeastward (Table 9, Table 10, Table 11, & Table 12).

Comfort thermal neutrality combined with temperature, relative humidity, and wind speed can
be further analyzed in Tables 18 through 24 in Appendix A. The months with the highest amount
of precipitation are December through March. However, because of the almost ever present
cold temperatures the majority of precipitation in the region is in the form of snow.

Average snow falls: January 44.4 Inches, February 30 inches, March 20.6, April9.3, May 2.8,
June .1, September .5, October 4.4, November 25.2, and December 39.2 inches.
Average snow depths: January 28, February 34, March 32, April 12, November 4, and December
16 inches.
Average maximum temperatures: January 25.9, February 31.1, March 39, April 49, May 60.9,
June 70.6, July 79.8, August 78.8, September 68.9, October 55.9, November 38, and December
26 degrees Fahrenheit.
11

Climate data charts were created using EnergyPlus Energy Simulation Software (US Department of
Energy 2011) and Ecotect Analysis Software (Autodesk n.d.).
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Average minimum temperatures: January 1.2, February 3.6, March 11.9, April 22.1, May 30.9,
June 37.2, July 41.2, August 39.6, September 32.2, October 23.2, November 13.7, and December
1.5 degrees Fahrenheit (Donahue 2011).

4.1.6 Cabin Integrity & Condition
Students from the University of Pennsylvania’s Architectural Conservation Laboratory conducted
a condition assessment survey of the ranch in the summer of 2011. As part of their assessment
they considered integrity and condition. They defined condition as the physical state of the
buildings and their individual components. Integrity was defined as the authenticity of the
property’s historic identity, evidenced by the survival of physical characteristics that existed
during the property’s historic or prehistoric period. The students determined that integrity is a
function of condition for the cabins at Bar BC because the structures have not been subjected to
repair or significant restorations (Collins, et al. 2011).

In order to assess the conditions of each structure, a field survey was developed and specific
conditions were recorded for every structure. The forms included a LCS (List of Classified
Structures) number, the orientation of the building, specific features of the area around the
cabins, and general information regarding weather, date, and surveyor names.

The research students found that wall and roof conditions were related to one another (Collins,
et al. 2011, 14). After scoring the buildings, those with a low score for roof conditions also had
walls with low scores. Their analysis however, did not show a significant relationship between
the conditions of walls and foundations or foundations and roofs. Of all the construction
materials used for the structures, the roofs had the lowest average useful life due to the fact
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that the asphalt rolled roofing is incorrectly installed and has had minimal maintenance. To
protect the structures, maintenance of roofing components are “of the upmost importance”
(Collins, et al. 2011, 14). In turn, the structures in the best condition had roofs that were in good
condition.

Roofs in good condition were those that were under favorable environmental settings. The
settings that impacted roof condition were roof orientation and the presence of trees within
twenty feet. Trees nearby could cause adverse effects in that as they drop debris that retain
moisture can create adverse effects by adding more moisture to the roof.

The most ideal orientation is in the east-west direction. North-south orientations displaced
more server conditions. This is due to the prevailing winds and sun exposure (see climate data in
Appendix C). Poor roof conditions also had effects on the purlins underneath. As the roofs
deteriorated, so did the purlin members.

Significant conditions included wall tilting, racking, displacement, and deformation. The key
factors affecting these problems were wall corners, purlins, and sill logs. The cabins with the
worst structural wall damage displayed deteriorated purlins, and sill logs and tended to possess
box and post log corners. (For conditions diagrams, see Appendix C)

4.1.7 Soil Data
The soil data for Bar BC Dude Ranch comes from a custom soil report provided by the United
States Department of Agriculture’s Natural Resources Conservation Service. This soil survey
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report provides information about the properties of the soil for the Bar BC area.12 From the soil
map for the Bar BC area, we can learn about the soil color, texture, size and shape of the soil
aggregates, kind and amount of rock fragments, distribution of plant roots, reaction, and some
other features. The soils, once described, are assigned taxonomic classes. These classes are
concepts. Each class has a set of characteristics with defined limits and is used to make
comparisons and classify soils systematically (USDA Natural Resources Conservation Service
2012).

The Bar BC Dude Ranch area of Grand Teton National Park contains five different soil units. The
unit symbols are 12, 57, 62, 64, and 72. Cryaquolls-Cryogibrists complex (11.8 acres – 5.0%),
Tetonville-Riverwash complex (25.5 acres – 10.8%), Tineman-Bearmouth gravelly loams, 0-3
percent slopes (92.6 acres – 39.2%), Tineman association (77.8 acres – 33.0%), and RiverwashWater complex (28.5 acres – 12.1%) are the respective unit names for the given unit symbols
(see Map 7 Map Unit Legend ). The area of interest used for the custom report is 236.1 acres
within the Bar BC Dude Ranch vicinity (see Map 4 Grand Teton Custom Soil Survey Area (236.1
Acres) - . To determine this area, the latitude and longitude coordinates for the ranch were
given and an area of interest perimeter from those coordinates was created. The map units
defined on the soil maps in a soil survey represent the soils or miscellaneous areas in the survey
area. Map units on a soil map represent areas dominated by one or more major kinds of soil or
miscellaneous areas (Map 1 Grand Teton National Park Area (Shaded) ). Map units are identified
12

Soil surveys include descriptions of the soils within an area, their location on the landscape and tables
that show soil properties and limitations that might affect their uses. Soils are mapped according to the
boundaries of major land resource areas (MLRAs). MLRAs are geographically, associated land resources
units that share common characteristics in relations to physiography, geology, climate, water resources,
soils, biological resources, and land uses (USDA Natural Resources Conservation Service 2012).
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and named according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are defined limits for the properties of the soils. Descriptions of the soils include
general facts about the units and give important soil properties and qualities. Soils that have
profiles that are almost alike make up a soil series (except for differences in texture of the
surface layer, all the soils of a series have major horizons that are similar in composition,
thickness, and arrangement).
Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity, degree of
erosion, and other characteristics that affect their use. Because of these differences, a soil series
is divided into soil phases. Most of the areas shown on soil maps are phases of soil series. The
name of a soil phase commonly indicates a feature that affects use or management. For
example, Alpha silt loam, 0 to 2 percent slopes, is a phase of the Alpha series (USDA Natural
Resources Conservation Service 2012).

When map units are made up of two or more major soils or miscellaneous areas, these map
units are complexes, associations, or undifferentiated groups. A complex consists of two or more
soils or miscellaneous areas. These are usually in an intricate pattern or in such small areas that
they cannot be shown separately on the maps. Alpha-Beta complex, 0 to 6 percent slopes, is an
example (USDA Natural Resources Conservation Service 2012).

An association is when two or more geographically associated soils or miscellaneous areas are
shown as one unit on the maps. On this map, it was not considered practical or necessary to
map the soils or miscellaneous areas separately.
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Soils and their properties found at Bar BC ranch are as follows (USDA Natural Resources
Conservation Service 2012):

12—Cryaquolls-Cryofibrists complex
Map Unit Setting
Elevation: 5,600 to 8,000 feet
Mean annual precipitation: 18 to 21 inches
Mean annual air temperature: 36 to 41 degrees F
Frost-free period: 60 to 90 days
Map Unit Composition
Cryaquolls and similar soils: 65 percent
Cryofibrists and similar soils: 35 percent
Description of Cryaquolls
Setting
Landform: Flood plains
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from igneous, metamorphic and sedimentary
rock
Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to
high (0.57 to 1.98 in/hr)
Depth to water table: About 0 to 6 inches
Frequency of flooding: Frequent
Frequency of ponding: None
Calcium carbonate, maximum content: 10 percent
Available water capacity: Very low (about 0.0 inches)
Interpretive groups
Land capability classification (irrigated): 5w
Land capability (nonirrigated): 5w
Ecological site: WETLAND (15-19W) (R043XY278WY)
Typical profile
0 to 60 inches: Variable
Description of Cryofibrists
Setting
Landform: Flood plains
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from igneous, metamorphic and sedimentary
rock
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Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to
high (0.57 to 1.98 in/hr)
Depth to water table: About 0 to 6 inches
Frequency of flooding: Frequent
Frequency of ponding: None
Interpretive groups
Land capability classification (irrigated): 6w
Land capability (nonirrigated): 6w
Ecological site: WETLAND (15-19W) (R043XY278WY)
Typical profile
0 to 60 inches: Variable
Minor Components
None
Percent of map unit:
57—Tetonville-Riverwash complex
Map Unit Setting
Elevation: 6,000 to 7,000 feet
Mean annual precipitation: 15 to 21 inches
Mean annual air temperature: 37 to 39 degrees F
Frost-free period: 60 to 90 days
Map Unit Composition
Riverwash: 40 percent
Tetonville and similar soils: 40 percent
Minor components: 20 percent
Description of Tetonville
Setting
Landform: Flood plains on mountain valleys
Landform position (two-dimensional): Shoulder, backslope, footslope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from igneous, metamorphic and sedimentary
rock
Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Capacity of the most limiting layer to transmit water (Ksat): High (1.98 to 5.95
in/hr)
Depth to water table: About 12 to 36 inches
Frequency of flooding: Occasional
Frequency of ponding: None
Calcium carbonate, maximum content: 10 percent
49

Available water capacity: Low (about 3.7 inches)
Custom Soil Resource Report
Interpretive groups
Land capability classification (irrigated): 4w
Land capability (nonirrigated): 4w
Ecological site: SUBIRRIGATED (15-19W) (R043XY274WY)
Typical profile
0 to 8 inches: Fine sandy loam
8 to 17 inches: Gravelly fine sandy loam
17 to 60 inches: Very gravelly loamy sand
Description of Riverwash
Setting
Landform: Flood plains
Properties and qualities
Drainage class: Excessively drained
Capacity of the most limiting layer to transmit water (Ksat): Very high (19.98
in/hr)
Depth to water table: About 0 to 24 inches
Frequency of flooding: Frequent
Available water capacity: Very low (about 1.8 inches)
Interpretive groups
Land capability classification (irrigated): 8
Land capability (nonirrigated): 8s
Typical profile
0 to 6 inches: Very gravelly sand
6 to 60 inches: Stratified very gravelly coarse sand to very gravelly sand
Minor Components
Wilsonville
Percent of map unit: 10 percent
Unnamed
Percent of map unit: 10 percent
62—Tineman-Bearmouth gravelly loams, 0 to 3 percent slopes
Map Unit Setting
Elevation: 4,800 to 7,500 feet
Mean annual precipitation: 15 to 24 inches
Mean annual air temperature: 36 to 43 degrees F
Frost-free period: 60 to 90 days
Map Unit Composition
Bearmouth and similar soils: 40 percent
Tineman and similar soils: 40 percent
Minor components: 20 percent
Custom Soil Resource Report
Description of Tineman
Setting
Landform: Mountain slopes
Landform position (three-dimensional): Mountainflank
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Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Gravelly glaciofluvial deposits
Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to
high (0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water capacity: Low (about 3.1 inches)
Interpretive groups
Land capability classification (irrigated): 4s
Land capability (nonirrigated): 6s
Ecological site: LOAMY (15-19W) (R043XY222WY)
Typical profile
0 to 7 inches: Gravelly loam
7 to 15 inches: Gravelly loam
15 to 27 inches: Very gravelly sandy loam
27 to 60 inches: Very gravelly sand
Description of Bearmouth
Setting
Landform: Mountain slopes
Landform position (three-dimensional): Mountainflank
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from igneous, metamorphic and sedimentary
rock
Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to
high (0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water capacity: Low (about 3.0 inches)
Interpretive groups
Land capability classification (irrigated): 4s
Land capability (nonirrigated): 6s
Ecological site: GRAVELLY (15-19W) (R043XY212WY)
Custom Soil Resource Report
Typical profile
0 to 6 inches: Gravelly loam
51

6 to 15 inches: Very gravelly loam
15 to 60 inches: Very gravelly loamy sand
Minor Components
Tineman
Percent of map unit: 7 percent
Tineman
Percent of map unit: 7 percent
Unnamed
Percent of map unit: 6 percent
64—Tineman association
Map Unit Setting
Elevation: 6,000 to 7,000 feet
Mean annual precipitation: 15 to 21 inches
Mean annual air temperature: 39 to 41 degrees F
Frost-free period: 60 to 90 days
Map Unit Composition
Tineman and similar soils: 40 percent
Tineman and similar soils: 25 percent
Minor components: 35 percent
Description of Tineman
Setting
Landform: Mountain slopes
Landform position (three-dimensional): Mountainflank
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Gravelly glaciofluvial deposits
Properties and qualities
Slope: 0 to 10 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to
high (0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water capacity: Low (about 3.1 inches)
Custom Soil Resource Report
Interpretive groups
Land capability classification (irrigated): 6s
Land capability (nonirrigated): 6s
Ecological site: LOAMY (15-19W) (R043XY222WY)
Typical profile
0 to 7 inches: Gravelly loam
7 to 15 inches: Gravelly loam
15 to 27 inches: Very gravelly sandy loam
27 to 60 inches: Very gravelly sand
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Minor Components
Aquic cryoborolls
Percent of map unit: 9 percent
Unnamed 1
Percent of map unit: 9 percent
Unnamed 2
Percent of map unit: 9 percent
Unnamed 3
Percent of map unit: 8 percent
Custom Soil Resource Report
72—Riverwash-Water complex
Map Unit Setting
Elevation: 6,000 to 7,000 feet
Mean annual precipitation: 15 to 21 inches
Mean annual air temperature: 37 to 39 degrees F
Frost-free period: 60 to 90 days
Map Unit Composition
Riverwash: 80 percent
Water: 18 percent
Minor components: 2 percent
Minor Components
Tetonville
Percent of map unit: 2 percent
Ecological site: SUBIRRIGATED (15-19W) (R043XY274WY)

The importance of understanding the types of soil in Grand Teton in relation to green roofs has
much to do with the hydrological cycle and will dictate how to design a green roof for the area.
The natural hydrological cycle is the constant exchange of water from the atmosphere and the
ground in the form of precipitation and evapotranspiration13. When precipitation hits the earth
in the form of rain or snow, it will find its way downhill if it is not interrupted (Weiler 2009).
Vegetation and soils can help slow precipitation down allowing water to soak in or infiltrate. This
vegetation and soil can in turn act as a large sieve or sponge to help cut down on water runoff.
The goal of storm water management is to minimize and effectively control surface runoff and
maximize infiltration and subsurface runoff. The control of surface runoff is a necessity because
13

Evapotranspiration is the combination of evaporation and transpiration from plants.
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water can be very erosive and cause damage. Maximum infiltration is desired so that water is
available in the soil for plant growth and aquifer recharge.

When looking at surfaces, they fall into two categories: impervious (impermeable) or pervious
(permeable). Surfaces that water cannot penetrate (paving or roofs) are considered to be
impervious. Surfaces that water can penetrate are considered to be pervious (soil, permeable
paving, or green roof systems). Once the system is fully saturated, water will follow gravity
downhill. The amount of water vegetation and soils can capture depends on the type and
amount of vegetation, ground plane, and composition of the soil. When the vegetation is dense,
the slope is flat and the more permeable the soil, the greater the system is able to disperse the
storm water before it hits the ground and then holds it. Sandy soils absorb more water than
dense, clayey soils, and well stratified, mixed-species forest on a flat slope with sandy loam soils
can hold more precipitation than a coniferous forest on a steep rocky slope.

Soils are composed of particles that can affect the rate at which precipitation infiltrates the
ground or becomes storm water runoff. Sands and gravels consist of large particles or grains
with large spaces between them while clays are made up of small particles called colloids that
have an electrical charge on their surface. Colloids have very small spaces between them. It is
therefore difficult for water to pass through clays because of the small interstitial spaces and the
electrical charge that binds it to the clay colloid. They are much harder to wet, but when they
are wet, hold more water for longer periods than porous sands and gravels. For dry soils, the
space between particles is filled with air. In the presence of water, the air between the particles
is displaced. If not much water is in the soil, the water will not displace all the air and the soil will
remain moist only at the surface. If a large storm occurs, water will fill the soil to capacity and
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continue to flow until it can no longer infiltrate. Water will collect once it reaches an impervious
layer and saturate the soil pores. In cases where soils tend to mainly be clay, they will tend to
quickly fill to capacity and the result is large amounts of water running off into small
watercourses (Weiler 2009).

4.1.8 National Park Standards for Green Roof Design
The Secretary of the Interior has produced standards for cool roofs and green roofs that
specifically delineate what is and is not recommended for their design. Recommended are:
retaining and repairing durable, character defining historic roofing materials in good condition,
determining whether a green roof is appropriate for the historic building, installing a green roof
on a flat roofed historic building where it will not be visible from the public right of way and will
not negatively impact the building’s historic character, make sure that the roofing materials and
colors are appropriate, and ensuring the historic building can structurally accommodate the
added weight of a green roof and sensitively improve the structural capacity, if necessary. Also
recommended are: taking care to ensure that the roof is water tight and that roof drains, gutters
and downspouts function properly before green roof installation, installing a moisturemonitoring system when installing a green roof to protect the historic building from added
moisture and possible leakage, selecting sustainable native plants that are drought resistant and
will not require too much watering, and selecting appropriately scaled vegetation that will not
grow so tall that it will be visible and detract from the building’s historic character (Grimmer, et
al. 2011, 18-19).

Not recommended for green roof construction on a historic building are: replacing durable,
character defining historic materials in good condition with roofing material perceived as more
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sustainable, installing a green roof without considering whether it will be visible and negatively
impact the building’s historic character, adding a green roof that would be too heavy for the
historic structure, installing a green roof that is not water tight and not ensuring drainage
systems in place are functioning, and selecting vegetation that will be visible from the roof or
parapet (Grimmer, et al. 2011, 18-19).

In addition to the Secretary of the Interior’s Standards for Rehabilitation of Historic Buildings,
there are building codes used for green roof systems utilized by the National Park Service. The
document consulted comes from the Denver Service Center because of its close proximity to
Grand Teton and similar geography. The standards prescribed by this center call for: the
reference of the Green Roof Systems Manual (2007 Edition) created by the National Roofing
Contractors Association (NRCA), LEED certification, and the use of green roof system
components (National Park Service 2011). The green roof system components recommended
are: a fully adhered waterproofing membrane, protection course, root barrier, drainage layer,
moisture resistant insulation, aeration layer, moisture-retention layer, reservoir layer, filter
fabric layer and engineer soil-based growth medium with plantings (permanent installations or
tray systems are accepted). Green roof assemblies must include a structural deck, waterproofing
membrane, associated green roof components, and engineered soil based growth medium.

Regarding design, it is preferred that the roof is internally drained, that shallow or moderate
depth to deep roof systems are chosen based on initial cost, structural considerations, roof pitch
maintenance requirements, sustainability, and aesthetic goals, XPS rigid insulation is used, EPS
rigid insulation is used as a filler material to reduce weight attain slope contour, installation of
moisture-resistant insulation goes above the membrane to protect it against thermal gradients
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and contact wear/damage, that deep roof systems are not used on roof with a 2:12 pitch or less,
and that edge retainers and erosion-control devices to grid landscape layout and to stabilize soil
based growth medium on steep slopes are integrated.

Specific to the waterproofing systems, the National Park Service requires that the waterproofing
products are all manufactured in the United States, supplied by a single manufacturer that has
been producing the specified types of primary products with the same materials without making
adjustments, modifications or alterations to the chemical or physical composition of the
products for not less than the warranty period, and with a minimum of a 10 year manufacture
warranty for both the labor and material without monetary limitations. The warranty should not
contain exclusions for random occurrences of ponding water, only certified contractors should
apply the waterproofing system and it should be inspected by the manufacturer at least once a
week during installation. Last, the water proofing below the water table may prohibit it from
being used.

4.2 Current Roof System
The current roofing system for the park is maintained by the National Park Service and is
commercial-grade mineral-surfaced roll roofing (see Figure 34 Rolled Roofing Specifications in
Appendix D). This roofing was introduced to the park due to its availability and low cost as well
as its later use at Bar BC. Unfortunately, it is roofs like this that have contributed to the loss of
many vernacular styles and methods of building (Newton J. 2007, 22). This type of roofing
material is 90lbs per 100square feet, with the 36 inch wide material running vertically or
horizontally (Figure 3 Current Roofing Technique at Bar BC Dude Ranch .
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Figure 3 Current Roofing Technique at Bar BC Dude Ranch (Collins, et al. 2011)
Pieces next to one another overlap ad the edges (lap-seams) and are fastened with nails every
four inches along the edges.

Figure 4 Current Roofing Application Specifications (Owens Corning Roofing and Asphalt, LLC
2008)
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Adhesives are not used. The roof itself is made of planks that range in length (can be up to 8’
long) and are ½” to 1” thick and 1’ wide. Typically, the historic cabins were constructed with 1”
thick planks made of manufactured lumber. The National Park Service has found that the
current roofing system has a life span of 3-5 years compared to manufacturer’s projections of 10
years.

The product specifications request that the roll roofing not be installed when temperatures are
below 50 degrees. This means that the only months appropriate for roofing installation will be
summer months. A discrepancy between the manufacturer’s standards and current application
is that the planks on the historic structures were typically one foot wide and the specifications
call for them to not be wider than six inches. The spacing between planks should be a minimum
of 1/8” and a maximum of 1/4” to allow for expansion and contraction of the lumber. The
manufacturer also requests that large head corrosion resistant nails (11 or 12 gauge) with heads
at least 3/8” in diameter (long enough to enter the deck -3/4” or more). If wanting to hide the
nails, one could apply using the manufacturer’s concealed nail application method. This calls for
9” wide strips of roll roofing along the eaves and rakes, positioning them to overhang the deck
1/4” to 3/8”. The strips are then fastened with nails. Each course has its own specifications for
application along with individual instructions for the ridge at the top. The applicable standard
for testing this type of roof is ASTM E 108 Class C.

4.3 Green Roof Design at Bar BC Dude Ranch
From the building traditions of Tennessee to Texas and Colorado the vernacular architecture
created for Bar BC came from translating log buildings from those areas and including the use of
sod roofs and wood frame building. As many of these regions got their designs from Northern
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Europeans who came to North America, limitations in size came from the materials available at
the time.

The earliest roofs at the ranch were sodded roofs with native grasses and wildflowers growing
on them. Most of these buildings were Type A Cabins (Figure 5 Example of a 7-Purlin sod roof Type A Cabin #1388 Figure 6 Side view of 7-purlin sod roof Type A Cabin (Chimney Missing) ,and
Figure 7 Interior of 7-purlin sod roof structure (planks are 1'x12') - ).

Figure 5 Example of a 7-Purlin sod roof - Type A Cabin #1388 (Graham 1993)
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Figure 6 Side view of 7-purlin sod roof Type A Cabin (Chimney Missing) (Graham 1993)
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Figure 7 Interior of 7-purlin sod roof structure (planks are 1'x12') - (Graham 1993)

Of all the Type A Cabins at Bar BC, Building #1388 is the only one that still retains traces of its
original sod roof. While other Type A Cabins have tar paper roofs, this cabin still has its original
boarding and traces of sod. It is recommended that this cabin serve as a prototype for a new
green roof. The roof sheathing for this building consists of 1inch thick wood planks, topped by
sheathing (Mira-Drain 6000 30# and Asphalt Felt), and then sod with a barge board on every
edge to hold the sod in place (Graham 1993) (Figure 8 Detail of Original Historic Sod Roof at Bar
BC - Cabin Type A and Figure 9 Figure 9 Section through Historical Sod Roof at Bar BC - Cabin
Type A).
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1x8 Roof Planks

Mira-Drain 6000
30# Asphalt Felt
Planks

4 to 6 inches of Soil with
Vegetation

Figure 8 Detail of Original Historic Sod Roof at Bar BC - Cabin Type A
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Nail or Splice
Butting Pole
(2x6) to Roof

1x8 Roof Planks

4 to 6 inches of Earth
with Vegetation

Mira-Drain 6000
30# Asphalt Felt
Planks

Nail or Splice
Butting Pole
(2x6) to Roof

Figure 9 Figure 9 Section through Historical Sod Roof at Bar BC - Cabin Type A

The soil placed on the roof is native Teton soil and gradually tapers up to the ridge pole. The soil
varies from 4” – 6” over the roof area. Although the roof is pitched, it is considered a flat roof.14

14

A flat roof is defined as a roof with a slope of 10˚ or less (Newton J. 2007). The slope of the Type A Cabin
is 9˚. There are typically three types of flat roofs: warm flat roofs, inverted warm flat roofs, and cold flat
roofs.
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4.4 Contemporary Sod Roof Construction Using Historical Practices
When searching for contemporary examples of green roof construction based on the historical
techniques as seen at Bar BC, the only example found was The Sturgeon House at Lake
Camanche (Figure 10 The Sturgeon House at Lake Camanche - David Easton, Architect). Jim and
Rances Sturgeon saw David Easton’s rammed-earth house on television (1981) and decided they
wanted one for themselves. The couple found a site on the shores of Lake Camanche, California.
Lake Camanche is one of several man-made lakes in the lowlands of the Sierra Nevada. The
Sturgeon House turned out to be one of Easton’s most successful projects (Berglund 1986).

The most difficult part of the project involved the soil selection. Because soil differs from site to
site, extensive testing had to be done. Easton eventually determined that the best mixture
would be an admixture of 25% sand and 7% Portland cement to the local soil for the house’s
walls. Whereas most architects would have brought in soil for the rammed-earth house, Easton
decided he wanted to work with only native materials. As he collected the soil, he saved the
topsoil layers for use on the home’s sod roof (Berglund 1986).

The roof adheres to the walls via a 2x6 top plate that is inset on the top of the bond beam and
bolted down with J-bolts (Figure 11 The Sturgeon House at Lake Camanche - David Easton,
Architect - Sod Roof Detail). The lumber is made of fir and ponderosa pine with rebar pins drilled
through the rafter ends. The actual roof itself is composed of 2x6 tongue and groove pine that is
left exposed inside the house. Above the wood a layer of 30lb felt covers the boards and a 20mil
vinyl covers the felt. The membrane is glued with 4 inch seams and folded and glued where
skylights are present. The topping is 3 inches of turf rolled out over 2 inches of enriched topsoil.
The growing medium inside the soil consists of sawdust, turkey manure, and the topsoil scraped
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from the site during excavation. The roof also comes complete with a sprinkler system that
sprays the roof automatically during the summer months. The roof seems to work very well
during the summer months to keep the house cool and during the winter, temperatures rarely
drop below freezing (Berglund 1986).

Figure 10 The Sturgeon House at Lake Camanche - David Easton, Architect - (Berglund 1986)
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Figure 11 The Sturgeon House at Lake Camanche - David Easton, Architect - Sod Roof Detail (Berglund 1986)

4.5 Contemporary Green Roof Designs & Specifications
Initially, green roofs were designed to provide insulation in cold climates like Iceland and
Scandinavia (Figure 12 Diagram of a traditional Scandinavian turf roof, with sections of birch
bark to form a waterproof layer -). Today, green roofs are mainly used to harness water and
reduce runoff in urban areas. The design and construction of green roofs today requires
technical experience in the understanding of storm water hydrology, and changes in ultraviolet
radiation, to constructing an effective waterproofing system. “Green roofs are lightweight,
layered system that cover conventional roof surfaces with growing medium and plants” (Earth
Pledge 2004). One of the major incentives for restoring the original sod roofs with modern green
roof technology is that they will support biodiversity and help connect the cabins visually and
historically to their natural surroundings. Preserving biodiversity is a measure of ecosystem
health and helps create functioning habitats. Green roofs often include native plant species and
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can replicate local ecosystems. “Brown roofs” or “rubble roofs” use soil from the site itself
which allows for it to be colonized by windblown seeds and local wildlife (Earth Pledge 2004).

Birch Bark

Sod roof

Gravel Edge

Figure 12 Diagram of a traditional Scandinavian turf roof, with sections of birch bark to form a
waterproof layer - (Dunnett 2008)

At the most basic level, a modern green roof is an engineered roofing system that allows plants
to grow on top of a building while protecting the underlying structure. The specific materials
may change from project to project, however for a green roof to function properly it must have:
a waterproofing membrane, root barrier, a drainage and water retention layer, growing
medium, and plants. A successful green roof must retain water, cool the air, and insulate the
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building (Earth Pledge 2004). Regarding the materials used to create the green roof substrate, it
is recommended to provide “local distinctiveness” of a place whenever possible (Newton J.
2007, 11). To achieve this, the use of native plants and soils is recommended. Also, climate will
dictate how thick the substrate will be. In areas with large amounts of precipitation, a thicker
substrate may be needed.

There are three types of green roofs:
1. Extensive: these roofs have thin soil, little or no irrigation, low water retention and
nutrient poor conditions for plants.
2. Intensive: have deep soil, irrigation requirements, high water retention and fertile
conditions for plants.
3. Simple intensive: constructed using different substrate depths and therefore combine
elements of extensive and intensive roofs.

4.5.1 Contemporary Green Roof Characteristics & Advantages
Each of these roofs has defining characteristics and their own general advantages:
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Figure 13 Characteristics of Extensive and Intensive Green Roofs (Green Roofs for Healthy
Cities 2011)

Figure 14 General Advantages of Different Green Roof Categories (Green Roofs for Healthy
Cities 2011)

Intensive green roofs usually have herbaceous plants, shrubs, grasses, and in some cases, trees.
These types of roofs are comparable to open spaces at ground level and can allow for easy
access. The size of the plants that can be used, depth of the soil, ability to hold large quantities
of water, and weight can be quite large.
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Simple intensive also known as semi-intensive roofs usually contain grasses, herbaceous plants,
and shrubs. The soil depths vary, and combine elements of both intensive and extensive green
roofs. In comparison to intensive roofs, the potential for using the roof as an amenity is limited.

Extensive green roofs have a thin growing medium and require the least amount of
maintenance. These types of roofs generally do not require irrigation and are less costly to
install. The types of plants tent to be mosses, succulents, wild flowers, and grasses that are able
to survive on shallow low-nutrient substances. In some areas, sedums are used as the principal
plant species in the growing layer (Newton J. 2007, 32)15.

In the United Kingdom, there are three types of extensive green roof systems:
1. Sedum mats, which are pre-grown blankets of sedum plants on rock wool that are rolled
out on roof membranes.
2. Substrate based roofs or “plugs” are hydro-seeded or sedum inserted into growing
medium roofs.
3. Green/brown roofs for biodiversity roofs are designed to meet specific biodiversity
targets. These use locally characteristic substrates and plants.

15

A sedum is a large genus of flowering plants in the family Crassulaceae. These are commonly known as
stonecrops. There are around 400 species of leaf succulents that are found throughout the Northern
Hemisphere, varying from annual and creeping herbs to shrubs. Sedums have water-storing leaves. The
flowers usually have five petals, seldom four or six. There are typically twice as many stamens as petals.
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4.5.2 Limitations of Modern Green Roof Systems
Each of the green roof systems, despite substrate depth and types of plants, will provide
benefits to wildlife. However, almost always there is a need for a specialist to input
recommendations to impost recommendations for the system. The roof will not perform the
same way as habitats at ground level, but because of the use of similar soils at similar depts.
With local and appropriate seed mixes, they should be able to enable the key features of the
ground level habitat (Newton J. 2007, 37). It is important to note however, that not all ground
plants will be appropriate for roof application. Limitation to green roofs tend to be that the area
of habitat is smaller, the components required to create an adequate habitat can add large
amounts of weight, it may not be possible to reproduce the habitat quickly enough once the
roof has been pulled apart to ensure that important species are conserved, and the habitats
created may be isolated instead of contiguous with the habitat at the ground level (Newton J.
2007, 37). In some cases, appearance may also be a limiting factor. In cases where the
vegetation is not meant to be seen, tending to the roof can be an arduous task.

Limitations from slope arise when the pitch rises above 10˚ (Newton J. 2007, 86). Most green
roofs are located on flat roofs since as the steepness of the slope increases, the substrate depth,
method for water retention, and drainage become more of a concern. When the slope is too
great, issues of excess water stress and erosion arise. Typically, intensive green roofs are built on
slopes of up to 5˚ and extensive green roofs can rise up to 30˚. The maximum slope allowable is
45˚. Although there are examples of green roofs with steeper slopes, these types of roofs
required much more support and incorporate sub-frame retention methods for maintenance
(Newton J. 2007, 86).
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4.5.3 Considerations When Designing a Green Roof
The design criteria should inform the design and construction of a green roof. The criteria should
address how the benefits for biodiversity and sustainable drainage can be maximized while also
paying close attention to climate, health, safety, and maintenance. Consideration must also be
paid to the loads that may be placed on the structure and restrictions caused by the pitch of the
roof.

When addressing the substrates used for the roof, one must ask whether or not it would be
beneficial for the species living on the roof to use a variety of substrates. This is important when
trying to mitigate loss of brownfield habitat. Questions to ask are: can the substrates found at
the ground level habitat be suitable for a green roof system and can they complement storm
water management, are there other substrates available from the site or manufactured from
the site that can broadly replicate the soil conditions found at ground level, will a generic system
provide an adequate habitat, will the habitat serve multiple functions, and will the plants used
benefit from areas of bare substrate?

In cases where water retention efficiency of the green roof is of principal concern, the major
factors to consider are: the storage capacity of the soil and drainage layer (most important), the
type of vegetation, degree of saturation at a given time, climatic factors, intensity and duration
of rainfall, and water requirements of the plants.

4.5.4 Modern Green Roof Components
After determining the structural capacity of a rooftop, a green roof system must be designed.
The green roof systems consist of many components, each serving vital functions that
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contribute to overall performance (Figure 15 Generic Green Roof Cross Section Showing Basic
Components , and Figure 16 Essential and Optional Components of Green Roofs )

Figure 15 Generic Green Roof Cross Section Showing Basic Components (Green Roofs for
Healthy Cities 2011)
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Figure 16 Essential and Optional Components of Green Roofs (Green Roofs for Healthy Cities
2011)

There are many different products on the market that can be used to satisfy the different
components for green roof assembly. Each of these components have their own testing
standards, however the most important part of the assembly is the growing medium or
substrate. The growing medium and substrate will impact the conservation and functioning of
the layers below as it protects it from the harsh environment from which the y are installed
(Green Roofs for Healthy Cities 2011). For this reason, it is important that the substrate meets
FLL guidelines.

The waterproofing membrane is a layer that is able to resist hydrostatic pressure for periods of
time (RCI). Working with other elements of the system, it prevents the water from entering the
building and helps with runoff during storms. The membrane can be applied either hot or cold,
can be rubberized asphalt, built-up bitumen, modified bitumen, thermoplastic (Polyvinyl
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chorlide [PVC] or thermoplastic olefin [TPO]), or elastomeric (Ethylene propelyne diene
monomer [EPDM]) (Green Roofs for Healthy Cities 2011). These membranes can be either looselaid or solidly bonded to roof decking. Since there are currently no North American standards for
the installation of membranes, to ensure the membrane functions properly, it is important to
make sure it is installed according to the manufacturer’s standards and tested for leaks. The
most common way to test the membrane is with a flood test (flooding the roof and inspecting it
for leaks).

The root barrier is a physical or chemical barrier that prevents unwanted plants from
compromising the waterproofing over the long term. Root barriers can be made from the
following: impervious concrete, impregnated copper, copper lining, herbicide embedded fabric,
PVC, and TPO. The FLL has a test to determine if a root barrier is root repellent.

A drainage layer is made of drainage boards, drains, or pipes that will remove enough water
from the roof so that it will not compromise the waterproofing system. These systems can act as
a partial root barrier or a membrane protection. These can be made of: porous mats made from
plastic, polystyrene, and at times even coconut mats, granular media, rigid drain board, roof
drains, gutters and eave troughs, drain pipes, and moisture retention mats.

Filter fabrics are lightweight, rot-proof material put over or included as part of the drainage
layer to help keep the growing medium in place and also prevent fine particles from blocking the
drainage system. These are usually made from: non-woven, non-biodegradable landscape fabric,
lightweight, water-resistant, polyester fiber mats, or polypropylene-polyethylene mats.
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The growing medium is a combination of organic and inorganic matter that helps anchor pant
roots, drains water from the roof, and endures plant growth. There are four major components
to growing medium:
1. Inorganic material or aggregates. Examples: vermiculite, expanded slate or shale, clay,
volcanic rock, coarse sands, pumice stone, scoria, zeolite, diatomaceous earth, perlite,
crushed roofing tile, or rock wool.
2. Organic material. Examples: composted straw, saw dust, wood, grass, leaves, clippings,
agricultural waste, worm castings, peat or peat moss, or manure.
3. Water.
4. Air

The last component of the green roof system is the vegetation layer. This is the plant life living
on the roof. These can be perennials, biennials, or annuals. Plant selection will rely primarily on
perennial plants and requires less room for design error when climate conditions are harsh. This
layer is most affected by availability, climate, and required/not available depth.
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Chapter 5 TESTING AND MONITORING RESEARCH
A common misconception among the general public is that because green roofs hold water,
they will increase the likelihood of leaks and damp penetration into a building. In reality, if an
appropriate method of construction is used, green roofs will last longer than conventional ones
(Dunnett 2008, 29). An extensive green roof should last from 50 to 100 years (Dunnett 2008,
32). When trying to address their standards, “green roof standards can be performance based or
prescriptive” (Green Roofs for Healthy Cities 2011). Standards based on performance are
different from prescriptive standards because they lay out measurable criteria that have to be
fulfilled without determining how they are met. Prescriptive standards lay out guidelines which
prioritize certain methods of achieving a desired goal. The two examples given by Green Roofs
for Healthy Cities are in Portland, where green roofs must be built to retain a specified amount
of storm water runoff and attain the performance requirements of the city’s storm water
management strategy while green roofs in Toronto must satisfy a list of prescribed
requirements regarding size, depth and vegetation in order to qualify for a green roof financial
incentive. The standards for green roofs are therefore set by a municipality or by an
independent standard setting body.

Because the case study is a log cabin structure (cabin # 1388), the first step in designing a green
roof must be to determine whether the cabin can structurally withstand the load of the green
roof to be designed. The organization that has published a standard for evaluating the cabin’s
structural integrity is the American Society for Testing and Materials International (ASTM)
(Kretschmann 2010). The three organizations that have published material relating to green roof
construction are: (ASTM), Forschungsgesellschaft Landschaftsentwicklung Landschafts bau e.V

78

(FLL), and Factory Mutual Global (FM Global). These three organizations have set up best
management practices.

The active ASTM standards (Appendix A) for determining the loads that the current log cabin
structure may be able to withstand are:

ASTM D3200-74 (Reapproved 2012) Standard Specification and Test Method for Establishing
Recommended Design Stresses for Round Timber Construction Poles, ASTM D25-99
(Reapproved 2005) Standard Specification for Round Timber Piles, ASTM D3957-09 Standard
Practices for Establishing Stress Grades for Structural Members Used in Log Buildings, and ASTM
2555-06 (Reapproved 2011) Standard Practice for Establishing Clear Wood Strength Values.

Green roof performance standards in the United States are being created by ASTM, more
specifically, by the Green Roof Task Force which is a sub group of Committee E60.71
(Sustainability). The active standards (Appendix A) from ASTM are:

ASTM E 2396-05 Saturated Water Permeability of Granular Drainage Media, ASTM E2397-11
Standard Practice for Determination of Dead Loads and Live Loads associated with Green Roof
Systems, ASTM E2398-11 Standard Test Measure for Water Capture and Media Retention of
Geocomposite Drain Layers for Green Roof Systems, ASTM E2399-11 Standard Test Method for
Maximum Media Density for Dead Load Analysis of Green Roof Systems, and ASTM E2400-06
Standard Guide for Selection, Installation, and Maintenance of Plants for Green Roofs. Other
standards being explored by ASTM are: WK7319 Standard Guide for Use of Expanded Shale, Clay
or Slate (ESCS) as a mineral Component in Growing Media for Green Roofs and WK575 Practice
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for Assessment of Green Roofs. Other ASTM standards deal mainly with the individual
components of green roof construction. For example, there are test methods for sampling
bitumen-saturated felts and woven fabrics, water absorption of plastics, and permeability of
geotextiles for green roof construction.

In Germany, there are certain standards that green roofs must meet regarding quality and
method of construction. FLL is the organization that is setting standards and pursuing research
into green roof design. They have set the guiding principles for determining which green roof
systems are best suited for buildings based on building type and climates in Germany (Green
Roofs for Healthy Cities 2011). All of the FLL guidelines are prescriptive and specify elements of
design. When thinking about using FLL guidelines in the United States, many organizations warn
that despite the fact that many North American companies use FLL to mark their products as
being of high quality, the guidelines were produced for the German market and thus cannot
always be applied to North America. When looking at building green roofs in the United States,
one should look to local building codes, ordinances, and other geographically specific legislation
should take precedence over foreign standards.

Regarding FM Global, although it is not a standard setting organization, as an organization that
does commercial and industrial property insurance and risk management, it has a large amount
of influence over the construction industry. Its recommendations for green roofs are largely
based on FLL guidelines and draw on other FM data to create standards for an FM approved
green roof assembly.
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Of the multiple cities leading the charge towards establishing green roof guidelines and
implementation, Chicago, Portland, Washington, Minneapolis, and Toronto are the leaders.
These cities are creating guidelines and standards for local green roof construction.

Today, there are many manufacturers that offer “complete green roof systems” that encourage
consumers to forget understanding specific component parts of green roof systems and specify
their complete systems. Although, it is important to note that because each green roof is
different, it will have its own requirements. For this reason, it is important to know what is being
specified. In the case at Bar BC, the slope of the roof is very important in determining what kind
of green roof to specify and to understand its intentions. In cases where storm water retention
is key, low-slope roofs (like the cabins at Bar BC Dude Ranch) are ideal because they help delay
storm water runoff. If the primary purpose of the green roof is aesthetics, reduction of heat
gain, and increase in biodiversity by attracting wildlife, or visual amenity, sloped roofs can be
suitable. The goal at Bar BC is to provide a historically visual roof that will last longer and be
considered a protective roofing system to the historic cabins. The added layers over the
waterproofing (albeit insulation, gravel, paving, or a growing medium and vegetation),
protection against UV exposure and potential mechanical damage or wind uplift is mitigated
(Weiler 2009). Adding to the protection come the benefits of energy efficiency, storm water
reduction, and biodiversity in addition to the protection of the membrane.

In attempting to measure the quality of a green roof, it is common practice to divide it into
reliability and biological function. The most common question for reliability is: “Does it leak?”
(Newton J. 2007, 91). The answer will be no if the specified waterproofing system has been
correctly installed. Fortunately, the layers above the waterproofing membrane actually protect
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it. If a compatible root barrier system is chosen along with correct insulation layers, the
membrane should last. In addressing the biological functions of the roof, one must question
whether or not the plants are thriving. Failure is usually due to under watering or not fertilizing
when it is required.
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Chapter 6 EXPERIMENTAL DESIGN
The suggested case study cabin at Bar BC is cabin #1388. The Standard Practices for Establishing
Stress Grades for Structural Members in Log Buildings (ASTM D3957-09) and the Standard
Practice for Determination of Dead Loads and Live Loads Associated with Vegetative (Green)
Roof Systems (ASTM E2397-11) determines how much load the cabin walls can withstand and
how much stress the green roof will impose. The Standard Test Method for Maximum Media
Density for Dead Load Analysis of Vegetative (Green) Roof Systems (ASTM E2399-11) and FLL
standards create a benchmark for obtaining optimum performance.

6.1 Strength Properties of Round Timbers
Round timbers, irrespective of species and size, are variable in mechanical properties. To better
understand these properties, pieces of wood that have similar mechanical properties are placed
in categories called stress grades. These are characterized by one or more sorting criteria, a set
of properties for engineering design, and a unique grade name (Kretschmann 2010, 1). Although
strength properties for round timbers have been developed, in most cases, values are based on
strength of clear16 test values. The main standard used for determining design values for round
timbers used as structural members comes from the Standard Specification and Test Method for
Establishing Recommended Design Stresses for Round Timber Construction Poles (ASTM D 3200).
The design stresses for construction logs used in log homes are covered in the Standard
Practices for Establishing Stress Grades for Structural Members in Log Buildings (ASTM D395709). This standard provides a way to establish stress grades of most common log configurations
(Kretschmann 2010).
16

Clear refers to the amount of clear material available in a piece of wood (void of abnormalities) therefore, cuttings are normally clear.
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6.1.2 ASTM D3957-09: Standard Practices for Establishing Stress Grades for Structural
Members Used in Log Buildings
The Standard Practices for Establishing Stress Grades for Structural Members in Log Buildings
(ASTM D3957-09) is based on the assumption that structural members in log buildings can be
stress-graded through the use of methods that come from accepted standards for conventional
solid sawn lumber and round timbers. The Practice for Establishing Allowable Stresses for Round
Timber Piles (D2899) cannot be applied directly because the members used to construct log
buildings are usually not seamlessly rectangular nor perfectly round in section. To compensate
for uncertainty in log member characteristics, some design stress values are derived with
practices that are, by engineering standards, conservative. The lumber standards referenced in
ASTM D3957-09 are both sawn lumber and round timber standards because they can apply to
the two different types of structural members used in log buildings (wall-logs and round timber
beams). Wall-log corners are treated as sawn lumber because of the means that they are joined
together.

Illustrations of typical wall-log sections showing wide and narrow faces in ASTM D3957-09
establish how stress grading principles are applied to members used in log buildings. The
reasoning behind grading logs is to improve upon the constancy in performance. The visual
stress-grading principles applied to rectangular and round shape structural wood members are
used to illustrate the development of stress grading methods for wall-logs and round timber
beams that are typically used for log construction.
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This standard applies to the cabin case study #1388 in that the stress-grading described in
D3957-09 is of wall-logs that are normally stacked horizontally or laid-up vertically to form a
load-bearing, solid wood wall. Because these members are not consent in size, previously
developed standards for solid sawn lumber is not usually applied to them.

To determine the stress-grading of sawn round timber beams, the allowable sawing, knot
measurement, slope of grain measurement, design bending stress values, knot strength ratios,
slope of grain strength ratios, and other design stresses must be examined using ASTM D395709. The extra design stresses come from tension parallel to the grain, compression parallel to
the grain, shear, compression perpendicular to the grain, and its modulus of elasticity. To find
each of these stresses, ASTM D3957-09 provides tables that describe the slope of grain strength
ratios, stress grade development, and provide equations for determining design bending stress
and compression-parallel to grain design stress for comparison as well as cross referenced
standards for testing.

6.2 ASTM E2399-11: Standard Test Method for Maximum Media Density for Dead Load
Analysis of Vegetative (Green) Roof Systems
Once the amount of stress the roof purlins and walls of cabin # 1388 can withstand is discovered
from ASTM D3957-09, the Standard Practice for Determination of Dead Loads and Live Loads
Associated with Vegetative (Green) Roof Systems (ASTM E2397-11) can be used to predict the
system weigh of the vegetative (green) roof system.

Practice standard ASTM E2397-11 addresses the loads associated with green roof systems. The
system addressed by this standard includes: the membrane, non-absorptive plastic sheet
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component, metallic layers, fabrics, geocomposite drain layers, synthetic reinforcing layers,
cover/recover boards, insulation materials, growth media, and plant materials. It also addresses
the weight of the roof system under two conditions: the weight under drained conditions after
new water additions by rainfall and the weight when rainfall or irrigation is actively occurring
and the drain layer is completely filled with water. The first condition is considered the dead
load of the green roof system while the difference in weight between the first and second
conditions is the live load.

It is important to note that ASTM E2397-11 does not include loads from snow or wind. However,
those loads can be estimated fairly accurately given the climate data in chapter 4 of this report.
ASTM E2397-11 only estimates the dead load and transient water live load of the vegetative
(green) roof system using information about the vegetative (green) roof components that are
available.

6.3 ASTM E2399-11: Standard Test Method for Maximum Media Density for Dead Load
Analysis of Vegetative (Green) Roof Systems
The most important component of a successful green roof is the soil or growth media (Luckett
2009, 78). Calculating the growth media depth is easy when it is an even factor of 12. Because
the historic standard depth ranged from 4”-6”, the recommendation is to calculate the depth
using those two standards:
4-inch depth (square feet of area/3 = cubic feet of growth media)
6-inch depth (square feet of area/2 = cubic feet of growth media)
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A lightweight sustainable growth media is needed to support plants and not overload the
structure. This means that the growth media must contain high percentages of mineral material
that will not break down over time. Expanded aggregates, pumice, and volcanic rock are
lightweight aggregates with pore spaces capable of holding water necessary to support the
plants. Since the plants need some organic material for nutrition, a ratio of mineral to organic
material should be about 80% (or more) mineral to 20% (or less) organic material. The organic
material will break down relatively quickly causing a loss of depth to the soil. However, the
foliage shed from plants will lay on the surface of the soil which will recharge the organic
requirement of the growth media and maintain the required exchange for plants to subsist. It is
recommended that the lightweight aggregates be purchased locally to minimize cost (Luckett
2009).

The Standard Test Method for Maximum Media Density for Dead Load Analysis of Vegetative
(Green) Roof Systems (ASTM E2399-11) is a test method that must be conducted to complete
ASTM E2397-11 and is used to determine the maximum media density for purposes of
estimating the maximum dead load for green roof assemblies. Because the soil mix is so
important, a few types of mixes should be fabricated and compared as ASTM E2397-11 provides
a measure of the moisture content, the air-filled porosity, and the water permeability measured
at the maximum media density. No more than 30% organic materials can be present for testing.
The maximum media density and moisture content applies to drained conditions near the
saturation point and is intended to match vertical percolation rates for water in green roofs.
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ASTM E2399-11 is an indicator of the viability of media to support plants when it is wet and also
provides the volume of water available to fill after the maximum media water retention is
satisfied. This volume of water can contribute to the live load of the green roof system.

The method provides reproducible measurements of critical media properties and allows for
direct comparisons to be made between different media materials. The density of the mixed
media will change depending on the test method procedure. At minimum, the test should be
conducted twice for each soil mix and then measured against FLL guidelines to determine which
one performs best.

6.4 Using FLL Guidelines
Forschungsgesellschaft Landschaftsentwicklung Landschafts bau e.V (FLL) guidelines call for a
distinction between the groups and types of materials used for vegetation substrates depending
on the materials and type of construction used. Soil mixtures can be created from improved top
soil and subsoil or consist of mineral aggregates (with and without organic material or with
open-pored or dense granular structure). For the purposes of the Bar BC case study, it is
recommended that the soil mixture consist of improved local top soil.

Construction requirements relate to the drainage function, design load, and protective function.
The objectives for vegetation relate to the demands imposed by the type of vegetation, ensuring
that the functions of the green roof are long lasting, and limiting the maintenance and plant
development costs.
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FLL guidelines provide recommended ranges for optimal substrate performance by addressing
the following properties:
-

Granulometric distribution
Organic content
Frost resistance
Structural and bedding stability of aggregate materials
Behavior of substrate boards under compression
Water permeability
Water storage ability/maximum water capacity
Air content
pH value
Salt content
Nutrient content
Adsorptive capacity
Seed germination / regenerative plant parts
Proportion of foreign substances

6.5 Experimental Design Conclusions
Determining the amount of stress case study cabin #1388 can withstand by conducting ASTM
D3957-09 will dictate the parameters allowable when fulfilling ASTM E2397-11. For ASTM
E2397-11 to yield high performance results, ASTM E2399-11 test must be conducted to find a
high performing soil.
The following tables are examples of how the tests discussed above should be recorded:
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Table 1 Green Roof Media Analysis - Sample Sheet (The Pennsylvania State University 2010)

90

Table 2 Sample of Green Roof Media Size Distribution Table (The Pennsylvania State
University 2010)
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Table 3 Sample FLL Particle Size Distribution Graph (The Pennsylvania State University 2010)
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Table 4 Report Format for ASTM E2397-11 (The American Society for Testing and Materials
International (ASTM) 2011)
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Chapter 7 CONCLUSIONS
7.1 Summary
The study of sod roof design and construction, globally and in the American West, over time has
assisted in making recommendations for the design of green roofs for cabins at Bar BC Dude
Ranch in Grand Teton, Wyoming. The new design suggests adaptations to the historic sod roofs
in order to allow for historical interpretation of the structures while improving roof and building
maintenance. These roofs not only preserve existing remnants of a regional American tradition,
but also promote the field of Historic Preservation within the sustainability movement.

The study supports the selection of cabin #1388 (Type A) for green roof construction based on
location (orientation and environmental conditions) and visual integrity assessment of the walls,
however the cabin’s resistance to stresses from the application of a green roof system, the
performance of the roof system’s substrate, and overall green roof system performance need to
be determined.

The most significant findings confirm that for the green roof system to be successful,
performance will be largely dependent on the soil mix. Green roof failure primarily occurs due to
incorrect soil used on a green roof. When the soil fails, the subsequent layers below begin to fail
as well. The second reason for failure is a leaking moisture barrier. However, this layer is also
soil dependent. If left exposed for too long to harsh environmental conditions, the moisture
barrier will begin to degrade and cause roof leaks and other problems. For the proposed green
roof to remain as close to the historical precedent, local soils must be mixed with aggregate and
rated against FLL guidelines to ensure the roof remains under 6” (historical precedent)
lightweight, and will perform well.
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7.2 Recommendations
After collecting information pertaining to climate, the integrity of the existing structures, green
roof historical and contemporary design, and standards for measuring performance and testing,
the following recommendations are drawn:

7.2.1 Recommended Cabin for Green Roof Construction – Based on Climate
Cabin #1388 was chosen for green roof construction based on the fact that it is the only Type A
cabin at Bar BC that retains traces of an original sod roof and that its east-west facing
orientation is ideal17.

Roofs in mountain areas like the Tetons are unlike roofs in other areas of the United States.
Because of the cold, snowy, climates, they require special considerations to ensure they perform
well. During heavy snowfalls, it is not uncommon to have to shovel snow and ice off roofs to
help slow leaks (Pie Forensic Consultants 2009). Ice weights about 57 pounds per cubic foot and
the unit weight of snow can be close to ice or as low as 4 pounds per cubic foot. When snow on
a roof has been compacted due to warming and cooling cycles, the weights can be between 10
and 25 pounds per cubic foot. Another source of large loads can come from ice dams and large
icicles hanging from the roof’s edge. Although it is difficult to design for this type of load, it is
easier to design a roof so that this type of load does not occur.

17

According to the results of a conditions survey conducted by graduate students from the University of
Pennsylvania’s Architectural Conservation Laboratory, east-west facing cabins were in the best condition
and were better suited to cope with climatic changes.
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Ice dams are created at the eaves where there is greatest snow accumulation. This usually
occurs when snow melts due to warmer temperatures from within the structure and then runs
to the edge of the roof. On the way down, it usually freezes once it hits the edge. The second
cause is from solar heating and night time cooling. When there is intense solar radiation, some
snow may melt (even at an ambient temperature of 32˚F) and run down the roof. Snow holds
about 2-5% water and as the water drops through the snow, some of the water will freeze. This
process releases enough energy to heat the surrounding snow to 32˚F.

When evaluating the proposed green roof system using the Standard Practice for Determination
of Dead Loads and Live Loads Associated with Vegetative (Green) Roof Systems (ASTM E239711), it will be important to take into account the ice and snow weights year round since the
standard fails to do so (average snow and rain fall amounts are found in Chapter 4 and Appendix
D).

7.2.2 Recommended Cabin for Green Roof Construction – Based on Integrity
The Standard Practices for Establishing Stress Grades for Structural Members in Log Buildings
(ASTM D3957-09) guidelines should be applied to the walls of cabin #1388 to reveal whether
they can support the stress of the proposed green roof. If the results reveal they cannot, it is
suggested that cabin #1393 be analyzed using the same standard. According to the overall
conditions survey conducted by students from the University of Pennsylvania’s Architectural
Conservation Laboratory in the summer of 2011, the Type A cabin in best condition is #1393.
The difference between the two cabins is the number of purlins (#1388 has 7 while #1393 has 5)
and the absence of a chimney (#1388 does not have one). The two cabins are relatively close to
one another so the same soil mix can be calculated for both roofs using the same local soil and
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since the two cabins are relatively similar in size (#1388 is 13’x15’ and cabin #1393 is 13’x17’).
Both cabins have similar foundations and were constructed the same year (1912). The overall
average condition for cabin #1388 is a 2.77 (4th worst) while the rating for #1393 is a 4.19 (10th
best). If the walls for #1388 can support the load for the green roof or the purlins can be
stabilized using supports, the proposed green roof can help prevent its walls from further
degradation and its ranking on the conditions survey will improve (the fact that the cabin is
ranked so low supports the exigency behind its repair).

7.2.3 Soil Recommendations
It is recommended that the soil used for the green roof system and to be placed on cabin #1388
come from Bar BC. Using the soil data collected from the U.S. Department of Agriculture in
Chapter 4 to conduct the Standard Test Method for Maximum Media Density for Dead Load
Analysis of Vegetative (Green) Roof Systems (ASTM E2399-11), an appropriate substrate for the
roof can be found. During ASTM E2399-11 testing, it may be helpful to use a fabricated soil from
a certified green roof media supplier for comparison purposes. As many roof media
manufacturers have created soils that perform very well in many environments, exploring how
their soils function may inform how to condition Bar BC soils. For example, rooflite® is a
company that has created state of the art growing media for extensive green roofs (the type of
roof proposed for Bar BC). Rooflite’s extensive mc growing media is designed for green roofs in
multi-course or multilayer construction. This media is designed for depths from 3-6 inches and
its saturated weight ranges from 15-35 pounds per square foot. Adding substances like
vermiculite and perlite to Bar BC soil mixtures may help to reduce the soil loads, encourage
water drainage, and come close to rooflite’s performance. The soil mixture should aim to be at
the same weight or lighter than a manufactured soil like rooflite®.
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Once the soil mixture is determined, it must be professionally blended. Often, suppliers of
compost, mulch, and soil blends are equipped with the necessary means of receiving large
shipments of aggregate, supplying organic material, and blending the mixture. Most large
suppliers have regional offices that can accommodate local blenders (Luckett 2009, 83).

Once the soil is blended, it must be transported to the job site. Because this project is fairly
small in size, the soil can be placed in 50lb bags or large sacs that can hold 2 to 3 cubic yards.
Also, ordering this material in bulk can reduce the cost of fabricating the soils.

7.2.4 Recommended Green Roof Construction Type & Design
The proposed green roof system is an extensive green roof. An extensive green roof is one that
involves natural vegetation and requires low external input for both maintenance and
development. The plants which are used are primarily local and suited to coping with extreme
conditions. They tend to regenerate easily and are fully integrated into the local climate
(Forschungsgesellschaft Landschaftsentwicklung Landschaftsbau (FLL) 2008).

The aim of this type of green roof is to accelerate the natural self-greening process and use the
local vegetation to establish a permanent plant population. Extensive green roofs require a 6” or
less growing medium depth, are often inaccessible, have low fully saturated weights, low plant
diversity, and are low cost. The advantages of this type of roof is that it is lightweight, suitable
for a large roof, that it can be constructed without the need for irrigation, is suitable for retrofit
projects, and is the easiest to replace. This type of roof also conforms to the Secretary of the
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Interior’s Standards and National Park standards discussed in Chapter 4. It also meets the goals
set forth by Grand Teton National Park.

7.2.4.1 Roof Construction: Structural Deck
The National Roofing Contractors Association (NRCA) specifies that green roofs on wood decks
should be constructed from heavy timber (3”-4”), with moisture resistant gypsum board or
cementitious board fastened to their top surfaces to serve as the green roof waterproofing
membrane’s substrate. It calls for them to be a minimum of 5/8 inches thick and the fasteners
must be corrosion-resistant or resin coated screws and plates.

The surfaces of marine-grade plywood substrates must be smooth, and holes, open joints, or
gaps between the boards or panels must be plugged or covered. Knotholes are an issue if
surface-applied waterproofing is applied (not recommended for this roof and therefore
knotholes are not of great importance). The decking must be sloped (the slope of #1388’s roof is
9˚) for drainage. Also, the plywood panel edges should bear on joists or blocking to reduce
deflection. In the case of cabin #1388, the decking lies on the 7 purlins spanning the cabin.

To remain historically accurate, the plans for the green roof proposal call for 1inch thick wood
planks that are 1 foot wide placed side by side. The spacing between planks should be a
minimum of 1/8” and a maximum of 1/4” to allow for expansion and contraction of the lumber.
Each plank should be 8 feet long running from the pitch downward.
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7.2.4.3 Layer 1: Waterproofing Membrane
The second most important green roof component to the soil mixture is the water proofing
membrane. The membrane should provide hydrostatic resistance based on the expected
amount of water drainage and retention (National Roofing Contractors Association 2007, 34).
There are various types of membranes that can be applied to a green roof system; however, the
membrane recommended for this project is an Elastometric membrane (Ethylene propelyne
diene monomer [EPDM]). This type of membrane is reinforced and should be applied at a
minimum thickness of 60mils. The reason behind recommending an EPDM membrane is the fact
that it is thin and protects against all types of weather. These sheets are factory fabricated and
should not come into contact with bituminous cements and mastics. They also cannot be used
with certain acids, oils, grease, or solvents. This type of membrane is the most commonly used
for green roof application and comes at a very low cost. Because they come in large sheets, cost
is minimized and they have excellent durability ratings and high root resistance. This product
also exhibits a high degree of ozone, ultraviolet, weathering and abrasion resistance, as well as
great low temperature flexibility. This product conforms to National Park & Secretary of the
Interior’s Standards in that it has been on the market for over 10 years and its performance is
gauged to last over 40 years. EPDM has unmatched resistance to thermal shock, resistance to
cyclic fatigue, resistance to hail, and will not become brittle or shatter under low temperatures
(EPDM membranes have been used in climates as cold as Alaska).

Sheets of EPDM can be ordered in sheets as large as 50 feet which can help in creating an
almost seamless membrane for the roofs at Bar BC. Lastly, regarding the environmental impact
of an EPDM membrane, it is one of the most sustainable materials used in the construction
industry. Its performance transfers to a low life cycle, it has a low embodied energy number, and
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it can be recycled into other roof products and accessories should it need to be replaced. EPDM
Weather Bond RBR membrane sheets can be purchased through Best Materials LLC at fairly low
prices. Technical data sheets are located in Appendix E (Figure 35 Weather Bond Technical Data
Bulletin - Page 1and Figure 36 Weather Bond Technical Data Bulletin - Page 2).

7.2.4.3 Layer 2: Root Barrier (Membrane Protection Layer Omitted)
The root barrier prevents migration of plant roots from damaging the waterproofing membrane.
When a root barrier is absent, roots can grow past upper layers and damage the waterproofing
membrane. The root barrier type depends on the type of membrane and plants for the roof
system. Materials that can be used as a root barrier include: high-density polyethylene (HDPE)
boards, with heat-welded seams, granulated modified bitumen membranes with root-inhibiting
additives and heat-welded seams, or polyethylene sheets (minimum of 10mils) with unsealed
overlaps (minimum of 5 feet) or sealed laps (minimum 1 foot). The recommended root barrier
comes from Hydrotech (technical data sheet in Appendix E [Figure 37 Root Stop HD Product
Data Sheet]).

7.2.4.4 Layer 3: Drainage Layer & Filter Cloth
The purpose of the drainage layer is to provide a location for moisture to move laterally though
the green roof system. The filter fabric (sometimes called “geotextile”) is a tightly woven fabric
that is used to collect soil and other fine particles as water passes through the system. Using a
drainage layer and filter fabric will increase the performance of the waterproofing material by
relieving hydrostatic pressure from the material surface and the associated weight. The most
common types of drainage layers are drainage mats and drainage panels. The drainage mat will
depend on the appropriate compressive strength for the waterproofing system, expected
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quantities of water, and run-off. Examples of drainage layers with built in filter cloth come from
Hydrotech. For design example purposes, dimple style 400 is specified. The reason for selecting
this drain layer with integrated filter is the fact that it is the lightest roll at 39lbs with a large
core flow. Since Bar BC is in a high precipitation area, it may be best to specify a higher core
flow. Its non-woven filter fabric collects soil and sand particles to allow filtered water to pass
through to the drainage core (Hydrodrain technical data sheet in Appendix E).

7.2.4.5 Edge & System Water Drainage
The edge condition for the entire roof system remains true to the historic precedent through
the application of a 2x6 butting pole around the edges of the roof. The butting pole should be
nailed or screwed to the planks. The plans suggest using treated screws to prevent rusting as
well as withstand the pressure of the green roof above.

The moisture retarder should roll up the butting pole and be securely attached to the top.
Flashing can be applied to the perimeter of the butting pole where the moisture retarder and
the budding pole meet. To facilitate drainage, an ADS single wall plastic corrugated HDPE pipe
(3”) should be placed at each gable end of the roof. The pipe will be used to transport water
from a 12” bed of gravel separating the growing media from the gable ends. Water will
percolate from the growing media into the drainage layer, through the gravel to evaporate
upwards or into the pipe for transport off the roof. To the right and left end butting poles, 3”
diameter holes should be cut to allow water from the drainage pipe to escape at each end. Caps
with perforations will be placed at the pipe ends. Water can be collected at each end for future
soluble mineral testing and to measure water quantities.
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7.2.4.7 Layer 5: Soil
The soil layer should be applied depending on the outcome of ASTM E2399-11. To be historically
accurate, it should not exceed 6 inches in depth and not be less than 4 inches in depth.

7.2.4.8 Layer 6: Vegetation
The vegetation layer should consist of some of the over one hundred different species of grasses
indigenous to Grand Teton National Park. Because grasses stabilize soils and help provide a
substrate for other plants to grow, they will assist in rejuvenating the soil layer. The root
structure of the grasses also will assist in holding soil in place to reduce soil erosion. The native
grass species include: Alpine Timothy - Phleum alpinum, Bearded Wheatgrass - Elymos
trachycaulus, Idaho Fescue - Festuca idahoensis, Kentucky Bluegrass - Poa pratensis, Pinegrass Calamagrostis rubescens, Sanberg Bluegrass - Poa secunda, Spike Trisetum - Trisetum spicatum,
Ticklegrass - Agrostis scabra, Timber Oatgrass - Danthonia intermedia, and Tufted Hairgrass Deschampsia cespitosa.

When selecting the grasses, it is important to calculate the corresponding weights they will
apply to the green roof system: for grasses and bushes up to 6 inches, use a 3 lb/ft² estimate.

7.3 Future Research
Once a green roof is constructed at Bar BC, as part of a regular maintenance regime, the green
roof system should be monitored for performance to assess if it is functioning according to the
design intent.
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During the first two growing seasons on the roof, the main thing to watch out for will be
unwanted plant species (i.e. weeds). They must be removed before they flower and set seeds.
Because they grow aggressively, compete for nutrients and water, and often shade out desirable
grasses, they may prevent the establishment of the intended green roof vegetation. Once the
desired plant community is established and the roof has uniform plant growth, weeds are no
longer a problem (Weiler 2009, 295).

When local grasses are established on the roof, damage to them can be caused by: excessive soil
moisture, drought, oxygen deprivation, incompatible soil and growing medium compositions,
wind and water erosion and subsequent root exposure, vegetation heave during freeze-thaw
cycles, excessive sun exposure on highly exposed roofs, over fertilization or nutrient starving,
and pH imbalances with acidification or salinization.

Roofs that have low soil profiles tend to turn acidic over time because of atmospheric nitrogen
depositions and continuous plant uptake. It is recommended that about once a year or every
other year, the soil be replenished with a slow-release fertilizer that can provide nutrients.

Lastly, to monitor the roof, there are several criteria that are used to judge the performance of
the roof that must be evaluated [evaluation standards are from (Weiler 2009, 303)]. During the
period before and after substantial completion the following should be checked:
-

Plants should be established and rooted
Plants should be resistant to wind uplift and slight pulling
Plants should exhibit vigorous growth, new roots and shoots, healthy foliage, and the
development of flowers
Plant cover must be species-specific and adapted to the roof environment
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During the development phase of the roof:
-

About 75% of the plant species should be present after the first growing season
Weeds or voluntary plant establishment should make up less than 10% of the total plant
cover
The system should be free of persistent soil moisture, signs of rotting, or fungi
infestation
Evaluation of the roof is best done after one whole year during July or August when the
plants have gone through winter and summer stresses

During the long term care phase of the roof:
-

Solar exposure resistance
Heat resistance
Wind resistance
Winter and frost hardiness

The most beneficial data to be collected from the roof will be:
-

Total precipitation, discharge times, duration, and flow rate
Soil and ambient air temperatures
Nutrients and sediment content of the discharge
Soil moisture content and evaporation rates based on wind and total humidity

To collect the total precipitation18 a tipping bucket rain gauge can be used. This gauge consists
of a bucket that will tip with every 0.01 inch of rain and is recorded in a data logger. Rain
intensity is measured in inches per hour and total accumulation measured in inches can also be
calculated by the data logger (Weiler 2009, 303).

To measure discharge times, duration, and flow rates for the roof, and help predict storm water
management effectiveness, the total runoff volume and runoff rates during low rain events are
insignificant. However, total runoff volume can be collected easily in a bucket, drum, or vertical
pipe. Measuring low flow rates is much more challenging. Because the range of some flow
18

Total precipitation is the total amount of rain and snow that falls on any roof.
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sensors is limited and cannot be considered reliable and cost effective for measuring very low or
very high flow rates, measuring moderate to high flow rates for larger storm events works well.
Choosing flow sensors that register moderate to high flows allows for optimizing sensor abilities
and at lower costs (Weiler 2009, 303).

Soil and ambient temperature measurements can also be collected by data loggers. These
measurements should be collected every 30 minutes in at least three vertical roof locations:
above the roofing membrane and below the soil and vegetation layer, immediately above the
green roof vegetation cover, and ambient air about 5-10 inches above the green roof (Weiler
2009, 304).

Also advised is taking measurements of the water temperature to determine the cooling effect
of the green roof filter on roof runoff. Water quality can be determined by measuring nutrient
and sediment content. This will require a collection point where water samples can be taken and
sent for laboratory analysis (Weiler 2009, 304).

Lastly, after initial installation, a temporary increase in sediment and nutrient discharge can be
expected from the soil as it washes out. The system should reach equilibrium after a few months
or a few rain events. If the sediments and nutrients continue to wash out, the soil should be
reexamined and may need to be changed. To avoid this, avoid growing media with too many
fines or compost that have not fully decomposed (Weiler 2009, 304).

Lastly, other monitoring considerations include: monitoring the loss of soil volume, physical or
mechanical damage to plants, growth locations, root mass, and soil pH. If repairs need to be
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made, they should be done with care to not disrupt or break any of the green roof components.
For example, using sharp tools may rupture green roofing components. Also, drains should be
monitored for free flow of drainage water to proper storm water management, crushed pipes,
clogs, and leaks around framing.
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APPENDIX A: REFERENCED STANDARDS
ASTM D3200-74 (Reapproved 2012) (Standard Specification and Test Method for Establishing
Recommended Design Stresses for Round Timber Construction Poles) discusses the physical
characteristics of round timber construction poles to be used either treated or untreated. It
covers the basic principles for establishing design stress values for round timber construction
poles that are applicable to described qualities.

ASTM D25-99 (Reapproved 2005) (Standard Specification for Round Timber Piles) discusses the
physical characteristics of unused round timber piles to be used either treated or untreated.

ASTM 2555-06 (Reapproved 2011) (Standard Practice for Establishing Clear Wood Strength
Values) covers the determination of strength values for clear wood of different species in the
unseasoned condition, unadjusted for use, applicable to the establishment of working stresses
for different solid food products such as lumber, laminated wood, plywood, and round timbers.

ASTM D3957-09 (Standard Practices for Establishing Stress Grades for Structural Members Used
in Log Buildings) explains the standard practices for establishing stress grades for structural
members used in log buildings. The practices cover the visual stress-grading principles applicable
to structural wood members of nonrectangular shape, as typically used in log buildings.

ASTM E 2396-11 (Saturated Water Permeability of Granular Drainage Media ) is a test method
that covers a procedure for determining the water permeability of coarse granular materials
used in drainage layers of green roof systems and addresses water permeability under the lowhead conditions that typify horizontal flow in green roof applications.
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ASTM E2397-11 (Standard Practice for Determination of Dead Loads and Live Loads associated
with Green Roof Systems) covers a standardized procedure for predicting the weight of a green
roof system and addresses the weight of the green roof system under two conditions: 1. Weight
under drained conditions after new water additions by rainfall or irrigation have ceased
(includes the weight of retained water and captured water), and 2. Weight when rainfall or
irrigation is actively occurring and the drainage layer is completely filled with water. The first
condition is considered to be the dead load of the green roof systems while the difference in
weight between the first and second conditions is considered to be the live load.

ASTM E2398-11 (Standard Test Measure for Water Capture and Media Retention of
Geocomposite Drain Layers for Green Roof Systems) method looks at the determination of the
water and media retention of synthetic drain layers used in green roof systems. This standard
applies to geocomposite drain layers that retain water and media in cup –like receptacles on
their upper surface. Examples of this can be shaped plastic membranes and closed-cell plastic
foam bards.

ASTM E2399-11 (Standard Test Method for Maximum Media Density for Dead Load Analysis of
Green Roof Systems) covers a procedure for determining the maximum media density for
purposes of estimating the maximum dead load for green roof assemblies. It also provides a
measure of the moisture content and the water permeability measured at the maximum media
density.
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ASTM E2400-06 (Standard Guide for Selection, Installation, and Maintenance of Plants for Green
Roofs) takes into consideration the selection, installation, and maintenance of plants for green
roof systems and is applicable to extensive and intensive plants.
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APPENDIX B: Illustrations of how to build a sod
house – Images taken from: (Rounds 1995)

Figure 4 Laying the blocks
Figure 7 Moving into the house

Figure 10 It was common for snakes, mice, and
other animals to fall through the roof

Figure 1 Plowing the prairie sod and chopping it up
to make building blocks

Figure 2 Putting stakes to mark the corners of the
house

Figure 3 Hauling the building blocks to the building
site
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Figure 5 Laying the roof with a poles, hay, and
weeds

Figure 8 Sod houses were small/cramped spaces

Figure 9 Leaks were a problem with early sod
houses
Figure 6 Spreading soil (4" - 6") on top of the roof

Figure 11 Dugouts were susceptible to animals
falling through the roof

Figure 12 Older houses showed their age through
the amounts of roof vegetation

APPENDIX C: Site & Soil Maps

Figure 29 US Map – Wyoming (Google)

Map 1 Grand Teton National Park Area (Shaded) (Collins, et al. 2011)
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N
Map 2 Location of Bar BC Dude Ranch in Grand Teton National Park (Collins, et al. 2011)
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Map 3 Bar BC Structures Map [Cabin #1393: Orange & Cabin #1388: Red] (Collins, et al. 2011)
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Map 4 Grand Teton Custom Soil Survey Area (236.1 Acres) - (USDA Natural Resources
Conservation Service 2012)
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Map 2 Legend and Information for Soil Map (USDA Natural Resources Conservation Service 2012)

Map 1 Soil Map for Bar BC Dude Ranch (USDA Natural Resources Conservation Service 2012)
Map 3 Map Unit Legend (USDA Natural Resources Conservation Service 2012)
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APPENDIX D: Climate Data Charts & Cabin Condition Analysis

Table 5 Weather data collected at Moose, Wyoming from 12/14/1958 to 12/31/2010
(National Park Service 2011)
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Table 6 Psychometric Chart - Jackson Hole - 1st Jan - 31st Dec
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Table 7 Psychometric Cart - Climate Classification - Zones
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Table 8 Prevailing Winds - All Year
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Table 9 Prevailing Winds - Summer
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Table 10 Prevailing Winds - Fall
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Table 11 Prevailing Winds - Winter
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Table 12 Prevailing Winds - Spring
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Table 13 Comparison Figures - Wind Frequency, Wind Temperatures, Relative Humidity, &
Average Rainfall - All Year
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Table 14 Comparison Figures - Wind Frequency, Wind Temperatures, Relative Humidity, &
Average Rainfall - Summer
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Table 15 Comparison Figures - Wind Frequency, Wind Temperatures, Relative Humidity, &
Average Rainfall - Fall
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Table 16 Comparison Figures - Wind Frequency, Wind Temperatures, Relative Humidity, &
Average Rainfall - Winter
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Table 17 Comparison Figures - Wind Frequency, Wind Temperatures, Relative Humidity, &
Average Rainfall - Spring
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Table 18 Average Rainfall - Summer
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Table 19 Average Rainfall - Fall
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Table 20 Average Rainfall - Winter
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Table 21 Average Rainfall - Spring
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Table 22 Monthly Diurnal Averages for Jackson Hole
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Table 23 Dry Bulb Temperature - All Year
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Table 24 Wet Bulb Temperature - All Year
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Table 25 Relative Humidity - All Year
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Table 26 Rainfall (curved line represents averages) - All Year
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Table 27 Average Daily Rainfall (mm) - Weekly
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Table 28 Climate Summary - All data combined - Jackson Hole
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Figure 30 Overall Conditions Map – Case Study Cabin #1388 circled in red (Collins, et al. 2011)
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Figure 31 Overall Conditions Key (Collins, et al. 2011)
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Figure 32 Data Analysis: Cardinal Orientation vs. Roof Conditions (Collins, et al. 2011)
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Figure 33 Data Analysis: Cardinal Orientation vs. Roof Conditions (Collins, et al. 2011)
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APPENDIX E: Product Specification Sheets

Figure 34 Rolled Roofing Specifications (Owens Corning Roofing and Asphalt, LLC 2008)
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Figure 35 Weather Bond Technical Data Bulletin - Page 1
150

Figure 36 Weather Bond Technical Data Bulletin - Page 2
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Figure 37 Root Stop HD Product Data Sheet
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Figure 38 Hydrodrain Technical Data - Page 1
153

Figure 39 Hydrodrain Technical Data - Page 2
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Figure 40 Hydrodrain Technical Data - Page 3
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Figure 41 Hydrodrain Technical Data - Page 4
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Figure 42 ADS HDPE Pipe Technical Note Page 1
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Figure 43 ADS HDPE Pipe Technical Note Page 2
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APPENDIX F: Sod Roof Design Plans

Figure 44 Type A Typical Cabin Construction Isometric (National Park Service)
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APPENDIX G: Proposed Supplier List
ADS
4640 Trueman Boulevard
Hilliard, OH 43026
614.658.0204
www.ads-pipe.com

American Hydrotech, Inc.
303 E. Ohio Street
Chicago, IL 60611
800.877.6125
www.Hydrotechusa.com

Weatherbond
PO BOX 251
Plainfield, PA 17081
866.471.5125
http://www.weatherbondroofing.com
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